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PREFACE 



OF THE AMERICAN EDITOR. 



In preparing an edition of the Rev. Dr. Lardner's 
Popular Lectures on the Steam-Engine for publica- 
tion, a few additions have been considered necessary. 
These consist principally in descriptions of such 
improvements in the Steam-Engine as have been 
made in this country, or such notices as may 
render the work more useful to the American 
reader. They are embodied in the work in such 
places as appear fitted to receive them. They 
may be distinguished from the original paragraphs 
of the text from their being marked by letters 
instead of numbers, and their having the initials 
A. E. subscribed to each of them. 

Among these additions will be found a more 
full explanation of the application of the Steam- 
Engine to railways than is contained in the ori- 
ginal ; and an account (accompanied by a plate) 
of the very simple form of the high-pressure en- 
gine as it is now constructed in this City. 

Columbia College^ JSfeio-Torkj 
July 1st, 1828. 



PREFACE. 



There are two classes of persons whose atten- 
tion may be attracted by a treatise on such a 
subject as the Steam-Engine. One consists of 
those who, by trade or profession, are interested 
in mechanical science, and who therefore seek 
information on the subject of which it treats, as a 
matter of necessity, and wish to acquire it in a 
manner and to an extent which may be practically 
available in their avocations. • The other and 
more numerous class, is that part of the public in 
general, who, impelled by choice rather than 
necessity, think the interest of the subject itself, 
and the pleasure derivable from the instances of 
ingenuity which it unfdlds, motives sufficiently 
strong to induce them to undertake the study of 
it. It is for the use of this latter class principally 
that the following lectures are designed. 

• 
To thi^ class of readers the Steam-Engine 
is a subject which, if properly treated of, must 
present strong and peculiar attractions. Whether 

we consider the history of its invention as to time 
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and place, the effects which it has produced, or 
the means hy which it has caused these effects, we 
find every thing to gratify our national pride, 
stimulate our curiosity, excite our wonder, and 
command our admiration. The invention and 
progressive improvement of this extraordinary 
machine, is the work of our own time and our 
own country ; it has been produced and brought 
to perfection almost within the last century, and is 
the exclusive offspring of British Genius fostered 
and supported by British capital. To enumerate 
the effects of this invention, would be to count 
every comfort and luxury of life. It has increased 
the sum of human happiness, not only by calling 
new pleasure into existence, but by so cheapening 
former enjoyments &s to render them attainable by 
those who before never could have hoped to share 
them. Nor are its effects confined to England 
alone ; they extend over the whole civilized world ; 
and the savage tribes of America, Asia, and Africa, 
must ere long feel the benefits, remote or immedi- 
ate, of this all-powerful agent. 

If the effect which this machine has had on 
commerce and the wealth of nations raise our 
astonishment, the means by which this effect has 
been produced, will not less excite our admiration. 
The history of the Steam-Engine presents a series 
of contrivances,, which for exquisite and refined in- 
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genuity, stand without a parallel in the annals of 
human invention. These admirable contrivances, 
unlike other results of scientific investigation, have 
also this peculiarityi that to understand and ap- 
preciate their excellence, requires no previous or 
subsidiary knowledge. A simple and clear ex- 
planation divested as far as possible of technical- 
ities, and assisted by well-selected diagrams, is all 
that is necessary to render the principles of the 
construction and operation of the Steam-Engine 
inteingible to a person of plain understanding and 
moderate information. That the following lec- 
tures are adapted to attain this end has been in 
some degree established by the test of public ap- 
probation on their delivery, and to more than this 
they do not aspire. 

The purpose for which these lectures are designed, 
as already explained, has rendered necessary the 
omission of many particulars which however in- 
teresting and instructive to the practical mechanic 
or professional engineer, would have little attrac- 
tion for the general reader. Such are, for example, 
the scale and proportion of the parts, the nature 
and strength of the materials, 'the calculation of 
power, friction, inertia, &c. Our readers require 
to be informed of the general principles of the 
construction and operation of Steam-Engines, 
rather than of their practical details. For the 
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same reasons we have confined ourselves to the 
more striking and important circumstances in the 
history of the invention and progressive improve- 
ment of this machine, excluding many petty dis- 
putes which arose from time to time respecting the 
rights of invention, the interest of which is buried 
in the graves of their respective claimants. 

In the descriptive parts of the work we have 
been governed by the same considerations. The 
application of the force of steam to mechanical 
purposes, has been proposed on various occasions, 
in various countries, and under a great variety of 
forms. The list of British patents^ alone would 
furnish an author of common industry and appli- 
cation with matter to swell his book to many times 
the bulk of this volume. By far the greater 
number of these projects have however proved 
abortive. Descriptions of these unsuccessful though 
frequently ingenious machines, we have thought it 
adviseable to exclude from our pages, as not possess- 
ing sufficient interest for the readers to whose use 
this volume is dedicated. We have therefore 
strictly confined our descriptions either to those 
Steam-Engines which have come into general use, 
or to those which form an important link in the 
chain of invention. 

* Containing upwards of 250 patents concerning the application 
of steam ! 
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LECTURES 

ON 

THE STEAM ENOINE. 



LECTURE I. 

On the Natural Forces, which are engaged in different Modifi- 

eationa of the Steam-Eogine. 

(1.) Op the yarious productions designed by na- 
ture to supply the wants of man, there are few which 
are suited to his necessities in the state in which the 
earth spontaneously offers them. If we except air 
and water we shall scarcely find another instance: 
even food itself, in most cases, requires culture and 
preparation. But if, from the mere necessaries of 
physical existence, we rise to the demands of civil and 
social Ufe, to say nothing of luxuries and refinements, 
we find that every thing which contributes to our con- 
venience requires a previous and extensive expendi- 
ture of labour. Nay, in most cases, the objects of our 
enjoyment derive their entire excellence, not from any 
quality originally inherent in the natural substance 
out of which they have been formed, but from those 
qualities which that substance has received from 
human labour and human skill. Hence have arisen 

ManufacturtB. 
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In all the changes to which the raw productions of 
the earth are submitted in order to suit- them to our 
wants, one of the principal agents is Motion. 

Thus, for example, in die conversion of wool into 
clothing for our bodies it is necessary that it should 
be twisted into threads and then woven into cloth. 
In these changes motion is the agent. To convert the 
raw wool into thread, a continued rotatory motion 
must be produced, which being properly communis 
cated, the wool assumes the required form. In like 
manner, as is well known, particular motions must be 
given to the threads, in order to produce among them 
that peculiai* arrangement which characterises the tex- 
ture of the web. 

In a rude state of society, the motions required in 
tlie infant manufactures are probably communicated 
by the immediate application of the hand. Obser- 
vation and reflection, however, soon suggest more 
effectual means of attaining these ends. When we 
look around us in the natural world, we perceive va-* 
rious motions actually existing there; we see water 
falling and wind blowing, and the question instantly 
arises, whether, without having recourse to animal 
strength, we may not use these motions for our ma- 
nufacturing purposes 1 Here, however, a difficulty is 
presented. We require motion of a particular kind ; 
but wind will not blow nor water fall as we please, 
nor as suits our peculiar wants, but according to the 
fixed laws of nature. We want an upward motion ; 
water falls downward. We want a circular motion ; 
wind blows in a straight line. 

The motions, therefore, which are in actual exist- 



ence in nature, must be modified, in order to suit our 
purposes. The means whereby these modifications 
are produced are called machines. A machine, there- 
fore, is £ui instrument interposed between some natu- 
ral force or motion and the object to which force or 
motion is desired to be transmitted, and of such con- 
struction, that the natural motion is made to produce 
in that object whatever species of motion it may be 
required to have. 

To give a very obvious example, suppose that a 
circular or rotatory motion were requu*ed to be pro- 
duced, and that the only natural force at our com- 
mand were a perpendicular fall of water. A wheel js 
accordingly provided, furnished with cavities in its 
rim. The water, in descending, is received into those 
cavities at one side of the wheel, and bemg discharged 
at the lowest point, the cavities ascend empty on the 
other side. There is thus a load of water ah\Hys 
pressing down on one side of the wheel, from wiiicfi 
the other side is free, and thus a constant rotation is 
produced. 

In every machine, therefore, the natm'e and pro- 
perties of the force from which it derives its mo- 
tion should be one of the first Subjects of consider- 
ation. This force, whatever it be, is called the Jirst 
mover. 

The first mover used in the steam-engine depends 
on certain mechanical properties of atmospheric air 
and of the vapour raised from liquids by heat. A 
short account of these properties will greatly contri- 
bute to the ease with which the action of these ma- 
chines will be understood. We therefore propose, in 



the present lecture, to explain the prihoipal properties 
of air and steam, to which we shall hare occasion to 
allude hereafter. 

I. Of the Mechanical Properties of Air. 

(2.) The* Atmosphere is the thin transparent fluid 
in which we live and move, and which, by respira- 
tion, supports animal life. This fluid is apparently 
so light and attenuated, that it might . be at first 
doubted whether it be really a body at all. It 
will therefore excite some surprise when we assert not 
only that it is a body, but also that it is one of consi- 
derable weight. We shall be able to prove that it 
presses on every square inch* of surface with a 
weight of about 151b. avoirdupois. 

(3.) Take a glass tube a b (fig. 2.) more than 32 
inches long, open at one end a, and closed at the 
other end b, and let it be filled with mercury (quick- 
silver.) Let a glass vessel or cistern c, containing a 
quantity of mercury, be also provided. Applying the 
finger at a so as to prevent the mercury in the tube 
from falling out, let the tube be inverted, and the 
end, stopped by the finger, plunged into the mercury 
in c. When the end of the tube is below the surface 
of the mercury in c (fig. 3.) let the finger be removed. 

* As we shall have firequent occasion to mentloii this mag- 
nitude, it would be well that the reader should be fltmiliar with 
it. It is a $quare, each siie of which is an inch. Such as a a 
c D. Pig. I. 



It will be found that the mercury in the tube will 
not, as might be expected, fall to the level of the mer- 
cury in the cistern c and which it would do were the 
end B open so as to admit the air into the upper part 
of the tube. On the other hand the level d of the 
mercury in the tube will be about 30 inches above the 
level c of the mercury in the cistern. « 

(4.) The cause of this effect is that the weight of 
the atmosphere rests on the surface c of the mercury 
in the cistern and tends thereby to press it up, or 
rather to resist its fall, in the tube, and as the 
fall is not assisted by the weight of the atmosphere 
on the surface d, (since b is closed) it follows that as 
much mercury remains suspended in the tube a^ov« 
the level c as the weight of the atmosphere is able to 
support. 

If we suppose the section of the tube to be equal 
to the magnitude of a square inch, the weight of the 
column of mercury in the tube above the level c will 
be exactly equal to the weight of the atmosphere on 
each square inch of the surface c. The height of the 
level D above c being about 30 inches and a column 
of mercury two inches in height and having a base 
of a square inch, weighing about one pound avoir- 
dupois, it follows that the weight with which the at- 
mosphere presses on each square inch of a level sui- 
face is about 151bs. avoirdupois. 

An apparatus thus constructed and furnished with a 
scale to indicate the height of the level d above the 
level c is the common barometer. The difference o£ 

2. •^ 
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these levels is subject to a small variation which indi- 
cates a corresponding change in the atmospheric 
pressure. But we take 30 inches as a standard or 
average. 

(5.) It is an established property of fluids that 
they press equally in all directions ; and air, like every 
other fluid, participates in this property. Hence it 
follows, that since the downward pressure or weight 
of the atmosphere is about 151bs. on the square inch, 
the lateral, upward, and obhque pressures are the 
same. But independently of the general principle, 
it may be satisfactory to give experimental proof of 
this. 

Let four glass tubes, a, b, c, d, (fig. 4.) be constructed 
of sufficient length, closed at one end a, b, c, d, and 
open at the other. Let the open ends of three of them 
be bent as represented in the tubes b, c, d. Being pre- 
viously filled with mercury, let them all be gently in- 
verted so as have their closed ends up as here re- 
presented. It will be found that the mercury will be 
sustained in all,*^ and that the difference of the 
levels in all will be the same. Thus the mercury is 
sustained in a by the upward pressure of the atmo- 
sphere, in B by its horizontal or lateral pressure, in c 
by its downward pressure, and in d by its obUque 
pressure; and as the difierence of the levels is the 
same in all, these pressures are exactly equal. 



■*' Tltis espenmeat with the tabe -a refuirei to be very carefiilly 
executed and the tube ihoUld be one of smtil bore. 



f6.) In the experiment described in (3) the spaee 
« D (fig. 3.) the top of the tube from which the mercury 
has fallen is perfectly void and empty, containing 
neither air nor any other fluid ; it is called therefore 
a vacuum. If, howerer, a small quantity of air be in- 
troduced into that space it will immediately begin to 
exert a pressure on n which will cause the surface d 
to descend, and it will continue so to descend until 
the column of mercury o d is so far diminished that 
the weight of the atmosphere is sufficient to sustain 
it, as well as the pressure ^certed upon it by the air 
in the space b d. 

The quantity of mercury which falls from the tube 
in this case is necessarily an equiralent for the 
pressure of the air introduced, so that the pressure of 
this air may be exactly ascertained by allowing about 
one pound per square inch for every two inches of 
mercury which has fallen from the tube. The pres- 
sure of the air or any other fluid above the mercury 
in the tube, may at once be ascertained by compar- 
ing the hei^t of the mercuiy in the tube with the 
height of the barometer ; the difference of the 'heights 
will always determine the pressure on the surface of 
the mercury in the tube. This principle will be 
found of some importance in considering the action 
of the modem steam-engines. 

The air which we have supposed to be introduced 
into the upper part of the tube, presses on the sur- 
fece of the mercury, with a force much greater than 
its wei^t. For example, if the space b d (fig. 3.) 
were filled with atmospheric air, in its ordinary state 
It woidd exert a pre0svu« <m die wabceD equal to 
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the whole pressure of the atmosphere, although its 
weight might not amount to a single grain. The 
property in virtue of which the air exerts this pres- 
sure is its elasticity, and this force is diminished in 
precisely the proportion in which the space it occupies 
is increased. 

Thus it is known that atmospheric air in its ordi- 
nary state exerts a pressure on the surface of any 
vessel in which it is confined amounting to about 
151bs. on every square inch. If the capacity of the 
vessel which contains it be doubled, it immediately 
expands and fills the double space, but in doing so 
it loses half its elastic force and presses only with a 
force of 7 J lbs. on every square inch. If the capacity 
of the vessel had been enlarged five times, the air 
would still have expanded so as to fill it, but would 
exert only a fifth part of its first pressure or 31bs. on 
every square inch. 

This property of losing its elastic force as its vo- 
lume or bulk is increased, is not peculiar to air. It 
is common to all elastic fluids, and we accordingly 
find it in steam; and it is absolutely necessary to 
take account of it in estimating the effects of that 
agent. 

(7.) There are numerous instances of the effects of 
these properties of atmospheric air which continually 
fall under our observation. If the nozzle and valve- 
hole of a pair of bellows be stopped, it will require 
a very considerable force to. separate the boards. This 
effect is produced by the diminished elastic fonce of 
the air remaining between the boards upon the least 



increase of the space within the bellows, while the 
atmosphere presses widi ondiminished force on the 
external scirfaces of the boards. If the boards be 
separated so as to double die space within, the elas- 
tic force of the included air will be about 7^ lbs. on 
eveiy square inch, while the pressure on the external 
surfaces will be 151bs.. on every square inch ; conse- 
quently it will require as great a force to sustain the 
boards in such a position, as it would to separate them 
if each board were forced against the other with a 
pressure of 7jlbs. on their external surfaces. 

When boys apply, a piece of moistened leather to 
a stone, so as to exclude the air from between them, 
the stone, though it be of considerable weight, may be 
lifted by a string attached to the leather. The cause 
of which is the atmospheric pressure, which keeps the 
leather and the stone in close contact. 

I. Of the Mechanical Properties of Vapour. 

(8.) If we expose our body to the effects of fire, 
we feel a certain sensation which we call heat. The 
matter, or what ever it be which causes this sensation, 
is properly call calorie. But in familiar discourse, 
heat and caloric are used indifferently. 

Cfdoric is known to pervade all bodies in nature, 
in a greater or lesser degree ; and the quantity of it in 
any substance may be increased or diminished within 
certain limits. The increase of the quantity of calo- 
ric in a body, is in general attended with an increase 
of its bulk, and the diminution of it with a corres- 
ponding diminution of bulk. Thus metals expand or 
enlarge their dimensions Miien heated, and contract 
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when cooled. A flaccid bladder, containing a small 
quantity of air, will when heated become quite dis- 
tended, owing to the expansion of the air contained 
in it, but will again resume its flaccid appearance 
when cooled. And the same is true of all substances. 

(9.) So universal is this law of expansion, that it 
has been actually taken as the measure of the degree 
of heat, and is the principle on which thermometers 
are constructed. Some mercury is enclosed in a glass 
ball, to which a tube is attached, so that when heat 
is applied to the ball, the expansion of the metal it 
contains, forces mercury up in the tube, which being 
applied to a graduated scale becomes the measure of 
temperature, by means of the expansion which that 
temperature produces. 

(10.) Expansion or enlargement of dimension is 
not, however, the only effect which attends increasing 
the quantity of caloric in a body. In some cases a 
total change of form is effected by it. If a super- 
abundant quantity of caloric be given to a piece of 
solid metal, it will be converted into a liquid. The 
metal in this case is said to hefused^ and tlie process is 
celled fusion. 

So long as the requisite temperature is kept up 
and caloric supplied in a sufficient quantity, so long 
will the metal retain its liquid state ; but when that 
supply is withdrawn, and the temperature lowered, it 
again resumes its solid form. 

Again, if from any substance, as water, which is 
usually in the liquid state, a considerable portion of 
caloric be withdrawn, and the temperature lowered, it 
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will at length become solid, and will remain so mitil 
the calorij^ be restored, when it will again resmne its 
liquid 'fonn. 

From these and numerous other similar circum- 
stances we conclude that all the substances in na* 
ture which we observe In the solid or the liquid state, 
are retained in their respecti?e forms by Uie agency of 
caloric. 

(11.) The reciprocal changes, liquefaction and 
soUdification, are not the only changes of form, in 
substances which are produced by a change in their 
temperature. If heat be communicated to a liquid, 
as water, its first effect will be to raise its tempera- 
ture and to enlarge its bulk. But after the tempera- 
ture has been raised to about 312 degrees of the 
common thermometer, no further accession of heat 
will be perceived, and the thermometer placed in it will 
cease to rise. Nevertheless, heat will be communi- 
cated to the water, and the vessel which contains it. 
What then, it may be asked, becomes of this heati In 
this C9se the water will be in a rapid state of evapora- 
tion, or of being converted into steam, and all the 
heat which is communicated to it in addition to what 
is indicated by the thermometer, is consiuned in the 
formation of this steam. Hence it appears that under 
ordinary circumstances,* water cannot maintain its 
liqmdity at a temperature higher than 212°, and that 
any additional heat beyond what is necessary to 

* Under particular circumstances water can maintain its liquiditj 
at any temperature, as will appear hereafter. 
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give it this temperature, wiU coinrert i^ part of it into 
steam. 

It appears, therefore, that the quantity of caloric in 
a liquid, being sufficiently increased, it will at length 
be converted into a vapour, or changed from an inelas- 
tic fluid into an elastic one, and will thus totally 
change its medianical character by the acquisition 
of the property of elasticity already described in air 
(6.) On the other hand, if from elastic vapour the 
heat be abstracted, it will be again restored to its 
liquid state, it being incapable of existing, under 
ordinary circumstances, in the vaporous form at a lower 
temperature than 212^. 

From all these circumstances we infer, that bodies 
are retained in the several states of soUd, liquid and 
vapour by the agency of heat, and that the same body 
may be passed successively through these several states, 
by a proper change in the caloric which is transfused 
through its dimensions. 

(12.) We have stated that when the increase or 
diminution of temperature does not change the form 
of a body, it changes its dimensions or bulk. ' This 
effect is not confined to soUds and liquids, but is 
found still more perceptibly in vapours and all elastic 
fluids. 

If a smaU quantity of air be included in a flaccid 
bladder tied at the mouthy so as to be air-tight ; when 
the bladder is held before a fire, it will become dis- 
tended, and have aU the appearance of being inflated. 
The cause of which obviously is the dilatation of the 
air contained in it, by the increased temperature 
which it has acquired. 



13 

r 

Again, let a tube a b (fig. 6.) open at both ends, 
have one end passed through the neck of a vessel 
c D, containing a coloured liquid with common air 
above it, and let the tube be fixed so as to be air 
tight in the neck. Upon heating the vessel the warm 
air above the level c n will begin to expand, and will 
press on the surface of the coloured liquid, so as to 
force it up in the tube a b. 

(13.) The same elastic fluid, whether it be a gas 
or a vapour, has always, at the same temperature or 
density, the same degree of elastic force, but if either 
the temperature or the density, or both, be increased, 
the elastic force is also increased. Therefore the 
elastic force depends conjointly on the temperature 
and the density. 

(14.) All the effects of caloric which we have just 
described, may be very {Satisfactorily accounted for by 
supposing that it is a substance or a cause impart- 
ing to the corpuscles of bodies a repulsive force, by 
which liiey acquire a tendency to repel each other. 
But in conjunction with this, it is necessary to at- 
tend to another force which is known to exist in 
nature. There is observable amongst the constituent 
particles of every body, a force in virtue of which 
they have a tendency to cohere and collect them- 
selves together in concrete solid masses. This ten- 
dency is called cohesion^ or the attraction of cohesion. 
This cohesive force in the particles of matter is di- 
rectly counteracted by the effects of caloric. It is 

supposed by some that Caloric is an highly elastic 

3 
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and very subtle fluid, that transfuses itself through 
the dimensions of all bodies, and by its elastic force 
tends to separate and force asunder their particles, 
and to dissolve the union which the cohesive force 
tends to produce. It is however certain, whatever 
be the nature of caloric, that it gives to the particles 
a tendency, the very opposite of cohesion, and that the 
state of a body, whether soUd or liquid, must be decided 
by the relation between the two forces, viz. the cohesive 
force natural to its particles, and the repulsive force 
dependent on the caloric which peiTades ]them. If 
the cohesion of the particles predominate considerably 
over the repulsive force of the caloric, the state of the 
body will be solid; if however these forces nearly 
aeutralise each other, it will be liquid. 

As to mutual cohesion, the particles of a liquid 
may therefore be considered as nearly in a state of 
indifference. We say nearly^ because in most liquids 
a slight tendency to cohesion may be perceived. 
Thus, if t\\ o drops of mercury or water be placed on 
a glass plate near ea^h other, they will immediately 
unite and form one drop. But in a general way, and 
merely in a mechanical^ point of view, we may re- 
gard the parts of liquids to be in a state of indiffer* 
euce as to cohesion. 

(15.) By tracing up the analogy which we have 
commenced, on the eflects of the cohesive and repul- 
sive forces incident to the particles of bodies, we 
would be led to conclude, that by increasing the lat- 
ter until it greatly predominated over the former, the 
particles of the body would have as strong a ten- 



dency to separate from each other, as they have to 
collect together, when the opposite relation exists 
between these two forces ; and such in fact we find 
to be the. case. If sufficient heat be communicated to 
a liquid^ it will be, as we have before stated, converted 
into vapour^ the particles of which repel each other, 
so that it tends to burst any vessel in which it may 
be confined. . Thus, then, we may account for the 
existence of the gaseous state, or of what is called 
elastic fiuids^ the cohesive force natural to the parti- 
cles of the body is_not only overcome by the repul- 
sive force introduced by the caloric, but a strong 
repulsive influence is given to the particles, so that 
they endeavour to separate fromi each other, and to 
expand continually into £m increased bulk, if not re- 
sisted by an adequate force. 

Thus, if water be exposed to heat until it boil, it 
will be converted gradually into steam. If this 
steam be enclosed in any vessel, it will tend to bm'st 
its sides with a certain elastic force, exactly in the 
same manner as air would, if similarly confined. 
But an effect is observed in the conversion of liquids 
into vapour by heat, which is not perceptible in the 
conversion of solids into liquids. We have said that 
these several states depend on the mutual proportion 
of the cohesive and repulsive forces of the p£irticles. 
There is, however, a third force which always assists 
the cohesion, to be taken into account, and the ef- 
fects of which are very apparent in vaporization, al- 
though not in Hquefaction. This force is the atmo* 
^heric pressure already described. This evidently 
tends to press together the parts of a body, and. 
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therefore, assists cohesicoi. Thus if water be placed 
in a vessel, and have its surface exposed to the at- 
mosphere when the barometer stands at 30 inches, 
it will sustain a pressure on its surface amounting to 
151bs. on every square inch. This fojcce in addition 
to cohesion must be overcome by the repulsive effect 
of the caloric, before vaporization can Commence. 
By reasoning thus we would be led directly to two 
conclusions: 1^. that if the atmospheric pressure 
were removed or diminished, liquids would boil with 
less heat or at a lower temperature : and 2°. that if the 
pressure on the surface were increased, they will not 
boil until a proportionably increased heat be given 
them, or until they attain a much higher temperature.. 
These inferences we cwjcordingly find supported by 
experience. Under a pressure of 151bs. on the square 
inch, i. e. when the barometer is at 30 inches, water 
boils at the temperature of 212° of the common 
thermometer. But if water at a lower temperature^ 
suppose 180°, be placed under the receiver of an air* 
pump, and, by the process of exhaustion, the atmo- 
spheric pressure be removed, or very much diminish- 
ed, the water will boil, although its temperature still 
remain at 180° as may be indicated by a thermometer 
placed in it. 

(16.) On the other hand, if a thermometer be in- 
serted air-tight in the lid of a close digester contaih- 
ing water with common atmospheric air above it» 
when the vessel is heated the air acquires an in- 
creased elasticity, and being confined by the cover^ 
presses with increased force on the surface of tbfi 
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vnafter. By obsnhring' the thermometer wbile the 
Tessel 18 exposed to^ the action of heat, it will be 
seen to rise cimsiderably abore 212?, suppose to 280^, 
and would continne so to rise until the strength of 
the vessel could no longer resist the pressure within it. 

(fl) Water not only forms steam when it actually boils, 
but is capable of rising in vapour at all temperatures 
whatsoever. Even ice when exposed to the open air will 
evaporate. The vapour which dius rises has the same 
temperature with the water whence it proceeds, and 
the quantity that will be formed depends not upon the 
pressure of the atmosphere but upon the temperature. 
The tension of the vapour and its consequent quantity, 
increases in a geometric, while the temperature is in- 
creasing in an arithmetic ratio, and when the tension of 
the vapour or its power of expanding itself becomes 
•equal to the pressure on' the surface of the water, ebulli- 
tion takes place. It is to this circumstance that the 
difference of temperature at which water boils under 
different pressures is owing. As the tension of the 
steam increases far more rapidly than its heat, a great 
saving in the expenditure of fuel may be obtained by 
using steam generated under a pressure greater than 
that of the atmosphere. Such steam is called high 
steam, and it is upon this fact that the anticipation of 
advantages from the use of high pressure engines is 
founded. Thus for instance steam at a temperature 
of 251^ is capable of exerting a force equal to 2, and 
that at a temperature of 292^ one equal to 4 atmos- 
pheres. (A. £.) 

a* 
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(17.) The temperature at wiiick water bodtg ig conii' 
monly said to be 2152^« which is called the baiKng point 
of the thermometert but strictlj speaking this is only 
true when the barometer stands at 30 inches. If it be 
lower^ water will boil at a lower temperature, because 
the atmospheric pressure is less, and if it be higher, as 
at 31, water will not boil until it leceive a higher tern* 
perature, the pressiy^ being greater.. 

According as t&e cohesive forces of the particles 
of liquids are more or less active, they boil at greater 
or lesser temperatures. In general the hghter liquids 
fiuch as alcohol and ether boil at lower temperatures. 
These fluids in fact would boil by merely removing 
the atmospheric pressure, as may be proved by placing 
them under the receiver of an air pump and with- 
drawing the air. From this we may conclude that 
these and similar substances would never exist in the 
liquid state at all, .but for the atmospheric pressure. 

(18.) The elasticity of vapour raised from a boiUng 
liquid, is equal to the pressure under which it is pro- 
duced. Thus, steam raised from water at 213^, and, 
therefore, under a pressure of 151bs. on the square 
inch is endued with an elastic force which would 
exert a pressure on the sides of any vessel which 
coi:i&ies it, also equal to 151bs« on the square inch. 
Since an increased pressure infers an increased tem- 
perature in boiling, it follows that where steam of a 
higher pressure than the atmosphere is required, it is 
necessary that the water should be boiled at a higher 
temperature. 
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(19.) We have alreadj stated that theie ia a cer- 
tain point at which the temperature ci a liquid will 
cease to rise, and that all the heat commiinicated to 
it beyond this is c<Misiimed in the formation ct vapour- 
It has been ascertained that when water boils at 
212^, under a pressure equal to 30 inches of mer- 
cuty, a cubic inch of water forms a cubic foot* 
o£ steam, the elastic force of which is equal to the 
atmospheric pressure, and the temperature of which 
is 212^. Since there are 1728 cubic inches in a cubic 
foot, it follows that when water at this temperature 
passes from the liquid to the YaiK>rous state it is dilated 
into 1728 times its bulk. 

(20.) There are several circumstances which would 
lead us to suspect that §l considerable absorption of 
heat is necessary for the process of vaporization. It 
is observed in general that expansion is an indication 
of the acquisition of heat, and in this case it appears 
that there is an expansion producing an increase of 
bulk in the proportion of 1728 to one. Again, it may 
be observed that all the heat given to the liquid after 
it has reached the boiling point is spent in vaporiza- 
tion, and yet it takes six times as long to convert a 

* The terms cuHc inch aad eubie foot are easily explained. 
A common die, used in games of chance, has the figure which 
is called a cube. It is a solid having twelve straight edges equal 
to one another. It has six sides, each of which is square, and 
which are also equal to one another. If its edges be each one 
inch in lengtl^, it is called a evbie inchf if one foot, a cubic Jboi, if 
one yard, a cubic yard^ &c This figure is represented in perspee* 
tiTCf in fig. 6. 



giren quantity of trater into steam at 319° as t<^ raise 
the dame quantity from the freezing (32°) to the boiling 
point. Hence we may infer that, supposing the ap- 
plication of he&t to be uniform, it takes six times as 
much heat to convert any quantity of water at 212° 
into steam as to raise the same quantity from 32° to 
212°. Or what amounts to the same thing, it takes 
as much heat to convert any quantity of water at 
212^ into steam as would raise bIx times that quantity 
from 32^ to 212°. 

Another way of representing this striking fact is, 
that if one cubic inch of water in a state of vapour at 
212^' be mixed with six cubic inches of water at 32°, 
the whole mass will form 7 cubic inches of water at 
212^. Thus the redundancy of heat necessary to 
retain the water in the state of vapour, is sufficient to 
raise the six cubic inches from 32° to 212°. 

A cubic foot of steam raised from water at 212^ 
will itself have only the same temperature 212°. We 
are, therefore, to conclude that all the additional heat 
which has been given to it in the process of vaporiza- 
tion is engaged in giving it the elastic form, and 
being insensible to the thermometer is called latent 
heat. From the facts just mentioned, the immense 
expenditure of heat in the production of steam must 
be quite apparent. 

Since the temperature at which water boils de- 
pends on the pressure to which it is submitted, it is 
manifest that there is no other limit to the tempera- 
ture of which it is susceptible except that of the 
mer)>anical pressure to which we are able to submit 
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it We shall see hereafter that it is capable of being 
raised to 600"^, 7W or 800^ In fact that it may be 
rendered red'kot 

The temperature of steam may be changed after it 
assumes the vaporous form. Thus, steam raised from 
water at 180^ may subsequently be raised to 212^. 
But whether in this case it will have the same pressure 
as if it had been raised in the .first instance from water 
at 212°, some late experiments, to which we shall here- 
after allude, have rendered doubtftil. 

(21.) As a liquid is converted into vapour by im- 
parting to it a superabundant supply of caloric, so 
also a vapour may be restored to the hquid state by 
withdrawing from it a sufficient portion of caloric. 
If a close vessel be filled with steam, and then a jet of 
cold water be forced into it, the water will immediately 
draw a qucuitity of heat from the steam, which will be 
reduced to water, cuid will fall in that form on the 
bottom of the vessel. The same property is also 
manifested by allowing steam to come in contact 
with any cold surface. Let any body be held before 
the steaming spout of a tea-kettle and it will presently 
become wet. This moisture is the steam recon- 
verted into water by losing part of its heat and rest- 
ing on the body. This reconversion of st^am into 
water by the abstraction of heat is called condenso'- 
tion. 

By this property, steam is rendered instrumental 
in the formation of a vacuum. By allowing steam to 
circulate through a vessel, the air may be expelled 
from it, and its place filled by steam, If the vessel 



be then closed and cooled, the steam will be reduced 
to water, and, falling in drops on the bottom and 
sides of the vessel, the space which it filled will be* 
come a vacuum. This may be easily established by 
experiment. Let a long glass tube be provided with 
a hollow ball at one end, and having the other end 
open.* Let a small quantity of spirits be poured 
in at the open end, and placing the glass ball over 
the flame of a lamp, let the spirits ^ be boiled. After 
some time the steam will be observed to issue co- 
piously from the open end of the tube which is pre- 
sented upwards. When this takes place, let the 
tube be inverted, and its open end plunged in a 
basin of cold water. The heat being thus removed, 
the cool air will reconvert the steam in the tube to 
liquid, and a vacuum will thus be produced so that 
the pressure of the atmosphere on the surface of the 
water in the basin will force the water up in the tube, 
and it will rush up with considerstble force, and fill 
the glass ball. 

In this experiment it is better to use spirits than 
water, because they boil at a lower heat, and expose 
the glass to less liability to break, and also the tube 
may more easily be handled. 

*A common glass flask with a Ion; neck will answer the 
purpose. 
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Invention of tbe Steam-Engino — Claims of the Marquess of Wor- 
cester — Captain Saverj. Description of the Steam-Engine 
constructed by him, and its method of operation. 



(22.) Claims to the invention of the steam-en- 
gine have been advanced by various nations, and by 
various individuals of the same nation. The par- 
tisans of the competitors for tliis honour have urged 
their pretensions and pressed their claims with a zeal 
strongly tinctured with prejudice both national and 
personal ; and the contentions have, in some instances, 
been marked with a degree of asperity unworthy of 
the cause in which they engaged, and altogether be* 
neath the dignity of science. 

The steam-engine, as it exists at present, is not the 
exclusive invention of any one individual; it is a 
combination of inventions which, for the last two 
centuries, have been accumulating. When we at- 
tempt to trace back its history and to determine its 
first inventor, we experience the same difficulty as is 
felt in ascertaining the head of a great river : as we 
ascend its course, it becomes difficult if not impos- 
sible to distinguish it from its tributary streams, and 
it terminates in a number of threads of water, each in 
itself so insignifictant as to seem unworthy of being 
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called the source of the majestic object which has 
excited the inquiry. 

The mere fact that the steam of boiling water is 
capable of producing motion must hare been ob^ 
served at a very early period. No one could look 
at a close vessel of water boiling, and observe the 
force with which the steam issues from its spout 
without, at once, perceiving the possibility of pro- 
ducing] motion in any light substance exposed to its 
action. Yet trifling as this circumstance must ap- 
pear, it has formed the sole foundation for some claims 
which have been advanced to the invention of the 
present steam-engine.* 

(23.) The use of the elastic force of steam, as a 
first mover in a machine designed for raising water, 
was first proposed by Edward Somerset, Mar- 
quess OP Worcester, in a work intitled " a Century 
of Inventions," pubUshed in the year 1683. The fol- 
lowing is the description which is given in that work 
of the contrivance : 

" I have invented an admirable and forcible way to 
draw up water by fire ; not by drawing or sucking it 
upwards, for that must be as the philosopher terms 
it, intra spharam activitatis, which is but at such a 
distance. But this way hath no bounder if the 
vessel be strong enough. For I have taken a piece 
of whole cannon whereof the end was burst, and 
filled it three quarters full of water, stopping and 

^ The inyention has been clumed for Bianca, an Italian phi- 
losopher, who proposed turning the vanes of a mill by a steaming 
kettle. 
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screwing up the broken end, as also the touch-hole 
and making a constant fire under it ; within twenty- 
four hours, it burst and made a great crack. So that, 
having a way to make my vessels sa that they are 
strengthened by the force within them, and the one 
to fill after the. other; I have seen the water run 
like a constant stream forty feet high. One vessel of 
water rarefied by fire driveth up forty of cold water, 
and a man tjiat tends, the worii has but to turn two 
cocks ; that one vessel of water being consumed 
another begins to force and refill with cold water, and 
so successively; the fire being tended and kept con- 
stant, which the self-same person may likewise abun- 
dantly perform in the interim between turning the 
said cocks/' 

The Marquess states that these experiments were 
made about 1663. We have, however, no evidence, 
except his own statement, that he ever constructed 
thie machine or made the experiments above described ; 
and for Ais reason, some writers on the subject have 
denied him any share in the discovery of the steam- 
engine, while others, falling into the opposite extreme 
give him the entire honour of being its first inventor. 

Whether the Marquess of Worcester ever tried 

these experiments or constructed the machine he 

alludes to is, we conceive, a matter of perfect and 

absolute indifference as to the shai^ to which he may 

be considered to be intided in the invention of the 

steam-engine. It is quite clear that, in the passage 

we have quoted, he distinctly points out the pressure 

arising from the elastic force of steam as a mechanical 

agent. He gives an jnstince of the possibility of 

4 
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appljrijag it to elevate water, and mentionB the ad' 
vantage which, in this respect, it possesses over the 
atmospheric pressure, viz. that the latter has a limit, 
not being capable of supporting more than about 
34 feet of water, while the pressure of steam has no 
other limit than the strength of the vessels which 
contain it. Had he merely stated these things, 
without alleging, as he does, that he had actually 
tried the experiment, he would, we conceive, have an 
undeniable claim to the merit of having first sug- 
gested the elastic force of steam as a mechanical 
agent of a power almost unHmited, and beyond this, 
even had he made his experiment publicly, his claim 
could not be admitted ; for it is certain that no engine 
constructed in the manner to which he alludes, could 
be rendered extensively useful as a machine even for 
raising water, as we shall see hereafter. 

(24.) No further discovery in the mechanical appli- 
cation of steam, appears to have been made until 
about the year 1698, when the method of producing 
a vacuum by the condensation of steam (described in 
21) was discovered by Captain Savery, who com- 
bining this with the application of the elastic force 
suggested by the Marquess of Worcester constructed 
an engine for raising water, for which he was granted 
a patent. 

Savery states that his discovery of the condensing 
principle arose from the following circumstance. 
Having drunk a flask of Florence at a tavern, he 
called for a basin of water to wash his hands, and 
flung the empty flask on, the fire. A small quantity 
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6f wine which remained in the flask began to boil, 
aind steam issued from its mouth. It occurred to 
him, to try what effect would be produced by invert- 
ing the flask and* plunging its mouth in the cold 
Water. Putting on a thick glove to defend his hand 
from the heat, he did so, and immediately the water 
in the basin rushed up into the flask and filled it. 
(See (21). ) - 

This circumstance suggested to Savery the possi- 
bihty of giving effect to the atmospheric pressure, by 
creating a vacuum in this manner. If instead of 
exhausting the barrel of a pump by the usual labo- 
rious method of a piston and sucker, it were exhausted 
by first fiUing it with ^team, and then condensing the 
same steam, the atmospheric pressure would force the 
water in the well up into the pump-barrel, and into 
any vessel connected with it, provided that vessel 
were not iiiure than 34 fe©t above the level of the 
water in the pump-well. Savery also plainly saw, 
that this wateir might be forced to a still greater ele- 
vation hj using thp elflfltio fbrce of steam upon the 
Marquess of Worcester's principle, and that this very 
steam would serve by its subsequent condensation to 
repeat the vacuum, and draw up more water. On these 
principles Savery constructed his stecun-engine. 

(25.) In this, and indeed every steam-engine, there 
are two parts ; If. that which is employed in generat- 
ing the steam (the boiler) ; and 2°. that in which the 
steam is applied as a moving power, (the working ap^ 
paratus). We shall first describe the former apparatus 
inSavery's engine. 

The sections of two strong boilers d e, are repre- 
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sented in fig. 7, d the greater and s the less. The 
tubes T and t' communicate with the working a^)- 
paratus which we shall presently describe.. A thip 
plate of metal r is a^^lied closely to the top of the 
principal boiler d turning on a centre €, so that by 
moving a lever £q[)plied to the axis c on the outside; 
of the top, the sliding plate r ccm be brought from 
the mouth of the one tube to the mouth of the other 
alternately. This sHding valve is called the regukUor^ 
since it is by it that the communications between the 
boiler and two steam vessels (hereafter described.) 
are alternately opened and closed, the lever -which 
effects this being constantly wrought by the hand of 
the attendant. 

Two gauge pipes are represented at o, g\ the use 
of which is to determine the depth of Water in the 
boiler. One g has its lower aperture a little above 
the proper depth, and the other e' « littlo bclo-nr it. 
Cocks are attached to the upper ends o, g', which 
can be opened or closed at pleasure. The steam col- 
lected in the top of the boiler pressing on the surface 
of the water forces it up in the tubes g, g', if their 
bwer ends be immersed. Upon opening the cocks 
g/4', if water be forced from both, there is too much 
water in the boiler, since the mouth of o is below 
its level. If steam issue from both there is too little 
water in the boiler, since the mouth of o' is above its 
level. But if steam issue from g and water from g' 
the water in the boiler is at its proper level. This in- 
genious contrivance for determining the level of the 
water in the boiler is the invention of Savery, and 
is used in many instances at the present day. 
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The mouth of o should be at a lerel of a little le8» 

^an one-third of the whole depth, and the mouth of 

g' at B level a little lower than one-third ; for it is 

requisite that about two-thirds of the bmler should 

be kept filled. The tube i forms a communication 

between the principal boiler d and the subsidiary or 

feeding boiler e descending nesu'ly to the bottom of 

it. This communication can be opened and closed at 

pleasure by the cock k. A gauge pipe is inserted 

similar to g, g' but extending nearly to the bottom. 

From this boiler a tube f extends which is continued 

to a cistern c (fig. 8.) and a cock is placed at m which, 

when opened, allows the water from the cistern to flow 

into the feeding boiler e, and which is closed when that 

boiler is filled. The manner in which this cistern is 

supplied will be described hereafter. 

Let us now suppose that the principal boiler is filled 

to the level between the gauge pipes, and that the 

subsidiary boiler is nearly full of water, the cock k 

and the gauge cocks g g' being all closed. The fire 

being lighted beneath d and the water boiled, steam 

is produced and is transmitted through the tubes t t^, 

to the working apparatus. When evaporation has 

reduced the water in d below the level of g' it will be 

necess€uy to replenish the boiler d. This is effected 

thus. A fire being lighted beneath the feeding 

boiler e, steam is produced in it above the surface of 

the water, which having no escape presses on the 

surface so as to force it up in the pipe i. The cock 

K being then opened, the bpihng water is forced into 

the principal boiler d, into which it is allowed to flow 

4 ♦ 
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until water issues from the gauge cock o'. When this 
takes place, the cock k is closed, and the fire removed 
from E untiLthe great boiler again wants rei^enishing. 
When the feeding boiler e has been exhausted, it is re* 
plenished fitim the cistern o (fig. 8«) through the pipe 
F by opening the cock m. 

(26.) We shall now describe the working apparatus 
in which the steam is used as a moving power. 

Let V v' (fig. 8.) be two steam-vessels communicating 
hy the tubes t t' (marked by the same letters in fig 7.) 
with the greater boiler d. 

Let s be a pipe, called the suction pipe^ descending 
into the well or reservoir from which the water is to 
be raised, and communicating with each of the steam- 
vessels through tubes d d' by valves a a' which open 
upwards. Let f be a pipe continued from the level 
of the engine of whatever higher level it is intended 
to. elevate the water. The steam vessels v v' commu- 
nicate with the force pipe v by valves b b' which 
open upward, through the tubes e e'. Over the 
steam vessels and on the force pipe is placed a small 
cistern c already mentioned which is kept filled with 
cold water from the pipe and from the bottom of 
which proceeds a pipe terminated with a cock o. 
This is called the condensing pipe and can be brou^t 
alternately over each steam-vessel. From this cis- 
tern another pipe communicates with the feeding 
boiler (fig. 7.) by the cock m.* 

The communication of the pipes t t' with the 

* This pipe in fig. 9. is represented ts proceeding from the 
force pipe am>Te the cistern c. 
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bmler can be opened and closed, aheraately, hy the 
regulator r, (fig. 7.) already deecribed. 

Now suppose the steam-Tessels and tubes to be all 
filled n^th connnon atmospheric air and that the re- 
gulator be {daced so that the conununicatkni between 
the tube r and liie boiler be opened, the communica- 
tion between the other tube t' and the boiler being 
dosed. Steam will flow into ▼ through t. At first, 
while the vessel v is cold, the steam will be condens- 
ed and will fall in drops of water <m the bottom and 
sides of the vessel. The continued supply of steam 
from the boiler will at length impart such a degree of 
heat to the vessel v that it will cease to condense it. 
Mixed with the heated air contained in the vessel v, 
it will have an elastic force greater than the atmo- 
spheric pressure, and will therefore force open the 
valve B through which a mixture of air and steam will 
be driven' until all the air in the vessel v will have 
passed out, and it wiO contain nothing but the pure 
vapour of water. 

When this has taken place, suppose the regulator 
be moved so as to close the communication between 
the tube t and the boiler, and to stop the further sup- 
ply of steam to the vessel v; and at the same time 
let the condensing pipe o be brought over the vessel 
y and the cock opened so as to let a stream of cold 
water flow upon it. This wiH cool the vessel, and 
the steam with which it is filled will be condensed 
a|jd fall in a few drops of water, leaving the interior 
of the vessel a vacuum. The valve b will be kept 
closed by the atmospheric pressure. But the elastic 
force of the air between ibd valve a and the surface 
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of the water in the well, or resenroir, will open a so 
that a part of this air will rush in (21) and occupy 
the yessel v. The air in the suction pipe s, being thus 
allowed an increased space, will be proportionablj di- 
minished in its elastic force (6) and its pressure will 
no longer balemce that of the atmosphere acting on 
the external surface l* of the water in the reservoir. 
This pressure will, therefore, force water up in the tube 
s until il^ weight, together with the elastic force of 
the air above it, balances the atmospheric pressure on 
L (4.) When this has taken place, the water will 
cease to ascend. 

Let us now suppose that, by shifting the regulator, 
the communication is opened between t and the boiler, 
so that steam flows again into v. The condensing 
cock G being removed, the vessel will be again 
heated as before, the air expelled, and its place filled 
by the stetim. The condensing pipe being again 
allowed to play upon the vessel v, and the further 
supply of steam being stopped, a vacuum will be 
produced in v, and the atmospheric pressure on l 
will force the water through the valve a into the ves- 
sel V which it will nearly fill, a small quantity of air 
however remaining above it. 

Thus far the mechanical agency employed in elevat- 
ing the water is the atmospheric pressure ; and the 
power of steam is no further employed than in the 
production of a vacuum. But, in order to continue 
the elevation of the water through the force pipe f, 
above the level of ^e steam-vessel, it will be neces- 
sary to use the elastic pressure of the steam. The 

' * Not in the diagram. 



vessel V is now newly filled by the water which has 
been forced into it by the atmosphere. Let us sup* 
pose that the regulator being shifted again, the com- 
munication between the tube t and the boiler is opened, 
the condensing cock removed, and that steam flows 
iiato V. At first coming in contact with the cold sur- 
face of the water and that of the vessel, it is condensed ; 
but the vessel is soon heated, and the water formed 
by the condensed steam collects in a sheet or film on 
the surface of the water in v, so as to form a surface 
as hot Bs boiling water.* The steam then being no 
longer condensed, presses on the surface of the water 
with its elastic force and when that pressure becomes 
gi^eater than the atmospheric pressure, the valve b is 
forced open and .the i^ter, issuing through it, passes 
through s into the force pipe f and this is continued 
until die steam has forced all the water from v, and 
occupies its place. 

Ther further admiJiaion of Steam through T is ojice 
more stopped by moving the regulator, and the con- 
densing {»pe being again allowed to play on v, so as to 
condense the steam which fills it, produces a vacuum. 
Tnto this vacuum, as before, the atmospheric pressure 
on L will force the water and fill the vessel v. The 
condensing pipe being then closed and steam admit- 
ted through T, the water in v will be forced by its 
{H-e^sure throng the valve b and tube b into f, and 
so the prooeas is continued. 

We have not yet noticed the other steam vessel v* 
which, as far as we have described^ would have re- 

"* Hot water being lighter tliAn cold, floi^ on t|)e surface* 
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mained fiUed teith common atmospheric air, the pte6* 
sure of which, on the valve a', would have prevented 
the water Faised in the suction pipe s from passing 
through it. However, this is not the case ; for, dmy 
ing the entire process which has been described in v, 
similar effects have been proceeding in v', to which 1 
have only omitted to soticit your notice, to avoid the 
confusion which the two processes might produce; 
It will be remembered, that after the steam, in the first 
instance, having flowed from the boiler through t, has 
blown the air out of v through B, the communication 
between t and the boiler is closed. Now the same 
motion of the regulator which eloses this, opens the 
communication between t' and the boiler ; for the slid-' 
ing plate r (fig. 7.) is moved fi^m the one tube to the 
other, and at the same time, as we have already stated, 
the condensing pipe is brought to play on v. While; 
therefore, a vacuum is being formed in v by condens- 
ation, the steam, flowing through t', bluws out the air 
through b', as already described in the other vessel 
V ; and, while the air in s is rushing up through a into 
V followed by the water raised in s by the atmospheric 
pressure on l, the vessel v' is being filled with steam, 
and the air is completely expelled from it. 

The communication between t and the boiler is 
now again opened, and the communication between t' 
and the boiler closed by moving the regulator r (fig. 7.) 
from the tube T to t'; at the same time the con- 
densing pipe is removed from over v and brought to 
play upon v. While the steam once more expels 
the air from v through b, a vacuum is formed by 
condensation in v', into which the water in s rushes 



through the valve a'. In the mean time v is again 
filled with steam. The ccmmiunication between t 
and the boiler is now closed, and that between t' and 
the boiler is opened, and the condensing pipe re- 
moved from v' and brought to play on v. While the 
steam from the boiler forces the water in v' through 
b' into the forcepipe f, a vacuum is being produced in 
V into which water is raised by the atmospheric pres- 
sure at L. 

Thus each of the vessels v v' is alternately filled 
from s and the water thence forced into f. The same 
steam which forces the water from the vessels into 
F, having doi^e its duty, is condensed, and brings up 
the water from i by giving effect to the atmospheric 
pressure. 

During this process, two alternate motions or ad- 
justments must be constantly made^ the communi- 
cation between t and the boiler must be opened, and 
that between t' and the boiler closed, which is done 
by one motion of the regulator The condensing 
pipe at the same time must be brought from v to 
play on v' which is done by the lever placed upon 
it. Again the communication between t and the 
boiler is to be opened, and that between t and the 
boiler closed ; this is done by moving back the regu- 
lator. The condensing pipe is brought from v' to v 
by moving (mck the other lever, and so on aher- 
nately. 

(37.) Such are the construction and operation of 
the steam-engine, contrived by Captain Savery in the 
year 1698, and which is the first instance in which 



we have satisfactorj evidence of tiie use of steam, as 
a moYing power, on any scale worthy of mention. 
For the clearness and convenience of description, I 
have made some slight and otherwise unimpoitant 
changes in the position of the parts.* A perspective 
view of this engine is presented in fig. 9. The dif- 
ferent parts already described will easily be recognized, 
being marked with the same letters as in fig. 6, 7. 

(28.) Savery's share in the invention of the steam- 
engine is easily assigned. It will be seen in a future 
lecture that the motion, in modem steam*engines, is 
produced by placing a piston in a cylinder, and pro- 
ducing a vacuum on one side of the piston by the con* 
densation of steam, while the elastic pressure of 
steam is introduced at the other side. Thus, while 
the pressure on the one side of the piston is effected 
by the direct mechanical agency of steam, disco- 
vered by Lord Worcester, that pressure is rendered 
efficacious by the vacuum generated on the other 
side by the niethod of condensing the steam, discover- 
ed by Captain Savery. _ Thus, the whole honour of the 
discovery of those properties of steam, on which its 
power as a first mover depends, is to be equally shared 

* In the diagrtrnt used for explaining the principles and 
operation of machinei, I hsfe found it contribute mach to tlie 
clearness of the description to adopt an arrangement of parts 
somewhat different from th^t of the real machine. When 
ooce the nature and principles on which the machine acts are 
well understood. The reader wili £nd no difficulty in transferring 
tTerypurt to its proper place, which is represented in the perspec- 
tire drawings. 
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between these two distinguished individuals. This, 
however, is the extent of their claims. All the beau- 
tiful contrivances by which this vast power is ap- 
phed, regulated and economised, are the result of the 
ingenuity of their successors, and the engine sug-r 
gested by Worcester and that constructed by Savery 
will be found to have scarcely any thing in common 
with those of the present day, except their first mover. 
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LECTURE in. 



D^ectfl of Savery's Engine*— Newcomen and Cawley — Tlie At- 
mospheric Engine — Condensation by. jet discOTered — Opera- 
tion of the Engine — Humphrey Potter's Invention to make 
the Engine work itself. 



(29.) In order duly to appreciate the value of im- 
provements, it is necessary first to perceive the de- 
fects which these improvements are designed to re- 
move. Savery's steam-engine, described in the last 
lecture, considering how little was known of the value 
and properties of steam, and how low the general 
standard of mechanical knowledge was in his day, is 
certainly highly creditable to his genius. Neverthe- 
less it had very considerable defects, and was finally 
found to be mefficient for the most important pur- 
poses to which he proposed applying it. 

At the time of this invention, the mines in Eng- 
land had gi'eatly increased in depth, and the process 
of draining them had become both expensive and 
difficult ; so much so, that it was found in many in- 
stances that their produce did not cover the cost of 
working them. The drainage of these mines was the 
great object Savery proposed to effect by his steam- 
engine. Its powers, however, were not found, ulti- 
mately, equal to his expectation. 

It has been already stated, that the pressure of the 
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atmosphere amounts to about ISlbs. (4) on every 
square inch. Now, a column of water, whose base is 
one square inch, and whose height is 34 feet, weighs 
about 151bs. If we suppose that a perfect vacuum 
were produced in the steam-vessels v v' (fig. 8.) by 
condensation, the atmospheric pressure on l would 
fail to force up the water, if the height of the top *of 
these vessels exceeded 34 feet. It is plain, therefore, 
from this reasoning, that the engine cannot be more 
than 34 feet above the water which it is intended to 
elevate. But in fact it cannot be even so much ; for 
the vacuum produced in the steam vessels v v' is never 
perfect. Water, when not submitted to the pressure 
of the atmosphere, will vaporize at a very low tempe- 
rature (17) ; and it was found, that a vapour possess- 
ing a considerable elasticity would, notwithstanding 
the condensation, remain in the vessels v v' and the 
pipe s, and would oppose the ascent of the water. In 
consequence of this, it was found that the engine could 
never be placed with practical advantage at a greater 
height than 26 feet above the level of the water to be - 
raised. 

(30.) When the water is elevated to the engine, and 
the steam-vessels filled, if steam be introduced above 
the water in v, it must first balance the atmospheric 
pressure, before it can force the water through the 
valve B. Here, then, is a mechanical pressure of 
151bs. per 8qucu*e inch expended, without any water 
raised by it. If steam of twice that elastic force be 
used, it will/elevate a column in f of 34 feet in 
height; and if steam of treble the force be used, it 
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will raise a column of 68 feet high, which, added to 
' 26 feet raised by the atmosphere, gives a total hit of 
94 feet. 

In effecting this, steam of a pressure equal to tlu*ee 
times that of the atmosphere, acts oii the under sur- 
face of the vessels v v\ One third of this biirsting 
pressure is balanced by the pressure of the atmo- 
sphere on the external surface of the vessels ; but an 
effective pressure of 301bs. per square inch still re- 
mains, tending to burst the vessels. It was found, 
that the apparatus could not be constnicted to bear 
more than this with safety ; and, therefore, in practice 
the lift of such an engine was limited to about 90 
peii)endicular feet. In order to raise the water from 
the bottom of the mine by these engines, therefore, it 
vnis necessary to place one at every 90 feet of the 
depth ; so that the water raised by one through the 
first 90 feet, should be received in a reservoir, from 
which it was to be elevated the next 90 feet by another, 
and so on. 

Besides tliis, it was found sufficient strength could 
not be given to those engmes, if constructed upon a 
large scale. They were^ therefore, necessarily veiy 
limited in their dimensions, and were incapable of 
raising the water with sufficient speed. Hence ai'ose 
a necessity for several engines at each level, which 
greatly enhanced the expense. 

(31.) These, however, were not the only defects of 
Savery's engines. The consumption of fuel was 
eiiormous, the proportion of heat wasted being much 
more than what was uBed in either forcing up the 
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water, or producing a vacuum. This will be very 
easily understood by attending to the process of work- 
ing the engine described in the last lecture. 

When the steam is first introduced from the boiler 
into the steam-vessels v v', preparatory to the forma- 
tion of a vacuum, it is necessary that it should heat 
these vessels up to the temperature of the steam it- 
self, viz. 212°; for until then the steam will be con- 
densed the moment it enters the vessel by the cool 
surface. All this heat, therefore, spent in raising the 
temperature of the steam-vessels is wanted. Again, 
when the water has ascended and filled the vessels 
V V, and steam is introduced to force this water 
through B b' into f, it is immediately condensed by 
the cold surface in v v', and does not begin to act 
until a quantity of hot water, formed by condensed 
steam, is collected on the surface of the cold water 
which fills the vessel v v'^ Hence another source of 
the waste of heat^ 

When the steam begins to act upon the surface or 
the water in v v', and to force it down, the cold sur- 
face of the vessel is gradually exposed to the steam, 
and must be heated while the steam continues its ac- 
tion ; and when the water has been forced out of the 
vessel, the vessel itself has been heated to the tempe 
rature of the steam which fills it, all which heat is 
dissipated by the subsequent process of condensation. 
It must thus be evident that the steam used in forcing 
up the water in f, and in producing a vacuum, bears 
a very small proportion indeed to what is consumed in 
heating the apparatus after every condensation. 

There is also another circumstance which increases 

6* 



42 

the consumption of fiiel. When the wator is to be 
forced through b, not only against the atmospheric 
pressure, but against a column of 68 feet of water, 
steam is required of a pressure of 451bs. on the square 
inch. Consequently the water in the boiler must be 
boiling under this pressure. That this should take 
place, it is necess€iry that the water should be raised 
to a temperature considerably above 212° (17,) even 
so high as 267^ ; and thus an increased heat must be 
^iveii to the boiler. Independently of the other de- 
fects, this intense heat weakened and graducdly de- 
stroyed the apparatus. 

Besides the drainage of mines, Savery proposed to 
apply his steam-engine to a variety of other purposes ; 
such as supplying cities with water, forming orna- 
mental water- works in pleasure grounds, turning 
mills, &c. 

Savery was the first who suggested the method of 
expressing the power of an engine mth reference to 
that of horses. In this comparison, however, he sup- 
posed each horse to work but 8 hours a day, while 
the engine works for 24 hours. This method of ex- 
pressing the power of steam-engkies will be explained 
hereafter. 

(32.) The failure of the engines proposed by Cap- 
tain Savery in the great work of drainage, from the 
(muses wliich have been just mentioned ; and the in- 
creasing necessity for effecting this, arising from the 
circumstance of the large properties which became 
every year unproductive by it, stimulated the inge- 
nuity of mechanics to contrive some means of ren- 
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deriag those powers of steam exhibited in Savery^s 
eagine {practically arailable. Among others, New- 
coM£N and Cawlet, two, tradesmen of the town of 
Dartmouth, turned their attention to this inquiiy. 

Newcomen appears to have resumed the old me- 
thod of raising the water from the mines by ordinary 
pumps, but conceiTcd the idea of working these 
pumps by some moving power less expensive than 
that of horses. The means whereby he proposed ef- 
fecting this, was by connecting the end of the pump- 
rod D (fig. 10.) by a chain, with the ai*ch head a of a 
working beam a b, playing on an axis c. The other 
arch head b of this beam was connected by a chain 
with the rod e of a solid piston p, which moved air- 
tight in a cylinder p. If a vacuum be created beneath 
the piston p, the atmospheric pressure acting upon 
it will press it down with a force of 151bs. per square 
inch ; and the end a of the beam being thus raised, 
the pump-rod d will be drawn up. If a pressure 
equivalent to the atmosphere be then introduced be- 
low -the piston, so as to neutralize the do^vnward 
pressure, the piston will be in a state of indifference as 
to risjug or falling; and if in this case the rod d be 
made heavier theui the piston, and its rod so as to 
overcome the friction,* &c. it will descend, and elevate 
the piston again to the top of the cylinder. The va- 
cuum being again produced, another descent of the 
piston, and consequent elevation of the pump-rod, will 
take place; and so the process may be continued. 

Such was Newcomen's first conception of the at' 
mospheric engine; and the contrivance liad much, even 



44 

at the first yiew, to recommend it. The power of such 
a machine would depend entirely on the magnitude 
of the piston ; and being, independent of ,an highly 
elastic steam, would not expose the materials to the 
destructiYe heat which was necessary for working 
Savery's engine* Supposing a perfect vacuum to be 
produced under the piston in the cylinder, an effective 
downward pressure would be obtained, amounting to 
15 times as many pounds as there are square inches 
in the section of the pi^ton.*^ TKus, if the base of 
the piston were 100 square inches, a pressure equal to 
15001bs. would be obtained. 

(33.) In order to accomplish this design, two things 
were necessary : 1^. To make a speedy and effectual 
vacuum below the piston in the descent ; and 2^. to 
contrive a counterpoise for the atmosphere in the 
ascent. 

The condensing principle of Savery immediately 
presented itself as the most effectual means of ac- 
complishing the former ; and the elastic force of the 

* As the calculation of the power of an engine depends on 
the number of square inches in the section of the piston, it 
may be useful to give a rule for computing the number of 
square inches in a circle* The following rule will always 
give the dimensions with sufficijcnt accuracy: Jiitdtiply the 
numher of inches in the diameter by itself; divide tfie product 
hy 14, and muUHply the quotient thus obtained by 11, atid the 
result wiU be the number of square inches in the circle. Thus 
if there be 13 inches in the diameter, this multiplied by itself 
givet 14^ which divided by 14 gives 10 3-7, whiph multiplied 
by 11 gives 115, Neglecting fractions. There are, Uiereforei 115 
tquaie inchea in a circle whose diameter is 12 inches. 
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steam introduced to be condensed, an obvious method 
<^ effecting the latter. Nothing now remained to 
cany . the design into execution, but the contrivance 
of mechanism for the alternate introduction and con- 
densation of the steam ; and Newcomen and Cawley 
were accordingly granted a patent in 1707, in which 
Savery was united, in consequence of his principle of 
condensation being vitally necessary to the projected 
machine. We shall now describe the atmospheric 6n- 
glne^ as fii'st constructed by Newcomen : 

The boiler k is placed over a furnace i, the flue of 
wliich winds round it, so as to communicate heat to 
every part of the bottom of it. In the top, which is 
hemispherical, two gauge-pipes o g' are placed, as in 
Savery's engine, and a puppet valve v, which opens 
outwai'd, and is loaded at one pound per square inch ; 
so that when the steam produced in the boiler ex- 
ceeds the pressui'e of the atmosphere by more than 
one pound on the square inch, the valve v is Hfted, and 
tlie steam escapes through it, and continues to escape 
until its pressure is sufficiently diminished, when .the 
valve V again falls into its seat. 

■ The great steam-tube is represented at s, which 
conducts steam from the boiler to the cylinder, and a 
feeding pipe t fui'nished with a cock, which is opened 
and closed at pleasure, proceeds from a cistern l to 
the boiler. By this pipe the boiler may be replen- 
ished from the cistern, when the gauge cock g' indi- 
cates that Jthe level has fsdlen below it. The cistern 
h is supplied with hot water by means which we shall 
presently explain. 



(34.) In order to understand the mechanism neces- 
sary to work the piston, let us consider how the supply 
and condensation of steam must be regulated. When 
the piston has been forced to the bottom of the cylin- 
der by the atmospheric pressure acting against a va- 
cuum, in order to balance that pressure, and enable 
it to be drawn up by the weight of the pump-rod^ it 
is necessary to introdiice steam from the boiler. For 
this piHpose, therefore, the steam-pipe s enters the 
bottom of the cyhnder. The pressure of the steam 
being thus introduced, the piston ascends ; and when 
it has reached the top of the cylinder, the sj^ace heltm 
it is completely filled with steam. It then becomes 
necessary to condense this steam, in order to produce 
a vacuun\. To accomplish this the further supply of 
steam must be cut off, which is done by a sliding 
plate R, similar to the regulator in Savery's engine, 
and which is moved over the aperture in the bottom of 
the cylinder by mesuas of a lever as already described. 
The supply of steam from the boiler being thus sus- 
pended, the afifusion of cold water on the external sur- 
face of the cylinder becomes necessary to condense 
the steam witliin it. This was done by enclosing the 
cyhnder within another, leaving a space between 
them.* Into this space cold water is allowed to ^ow 
from a cock m placed over it, which is supplied by a 
pipe from the cistern n. This cistern is supplied with 
water by a pump o, which is worked by the engine 
itself, from the beam above it. 

* Tbe external cylinder is not represented in the diagram. 
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The cold water supplied from m, having filled the 
interstice between the two • cylinders, abstracts the 
heat from the inner one ; and condensing the steam, 
produces a vacuum into which the piston is imme- 
diately forced by the atmospheric pressure. Prepara- 
tory to the next descent, the water which thus fills the 
space between the cyUnders, and which is warmed 
by the heat it has abstracted from the steam, must 
be discharged, in order to give room for a fresh sup- 
ply of cold water from m. An apertm*e, furnished 
with a cock, is accordingly provided in the bottom of 
the cylinder, through which the water is discharged 
into the cistern l; and being warm, is better adapted 
for the supply of the boiler through t, as already 
mentioned. 

The regulator r being now again opened, steam is 
admitted Tbelow the piston, which; as before, ascends, 
and the desi^ent is again accomplished by condens- 
ation ; and so the process may be continued. 

Upon cooling the inner cylinder, the condensed 
steam, being reduced to water, will collect in the bot- 
tom and resist the descent of the piston. It is, there- 
fore, necessary to provide an exit for it, which is done 
by a V6dve opening' otctwards into a tube which leads 
to the feeding cistern l, into which the condensed 
steam is driven. 

That the piston should continue to be air-tight, 
it was necessary to keep a constant supply of water 
over it ; this was done by a cock similar to m, which 
allowed water to fiow from the pipe M on the 
piston. 
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(35.) 8oon after the first construction of these 
engines, an accidental circumstance suggested to 
Newcomen, a much hetter method of condensation 
than the affusion of cold water on the external sur- 
face of the cylinder. An engine was observed to 
work several strokes with unusual rapidity, and with- 
out the regular supply of the condensing water. 
Upon examining the piston, a hole was found in it 
through which the water, which was poured on to 
keep it air-tight, flowed, and instantly condensed the 
steam under it. 

On this suggestion Newcomen abandoned the ex- 
ternal cylinder, and introduced a pipe h furnished 
with a cock q into the bottom of the cylinder, so that, 
on turning the cock the pressure of the water, in the 
pipe H from the level of the water in the cistern n, 
would force the water to rise in a jet into the cylinder, 
and would instantly condense the steam. This me- 
thod of condensing by a jet formed a very important 
improvement in the engine, and is the method still 
used. 

(36.) Having taken a general view of the parts of 
the atmospheric engine, let us now consider more par- 
ticularly its operation. 

When the engine is not working the weight of the 
pump-rod d draws down the beam a, and draws the 
piston to the top of the cylinder where it rests. Let 
us suppose all the cocks and valves closed, and the 
boiler filled to the proper depth. The fire being 
lighted beneath it, the water is boiled until the 
steam acquires sufficient force to lift the valve t 
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When this takes place the engine may be started. 
For this purpose the regula^g valve r is opened. 
The steam rushes in and is first condensed by 
the cold cylinder. After a short time the cylin- 
der acquires the temperature of the steam, which 
then ceases to be condensed, and mixes with the air 
which filled the cylinder. The steam and heated 
air, having a greater force than the atmospheric 
pressure, will open a valve placed at the end of 
a small tube in the bottom of the cylinder, and 
which opens outwards. From this (which is called 
the blowing vdlve^) ^e steam cmd air rush in a 
constant stream until ail the «dr has been expelled, 
and the cylinder is filled with the pure vapour of water. 
This process is called blowing the engine preparatory 
to starting it. 

When it is about to be started the engine-man 
closes the regulator r, and thereby suspends the 
supply of steam from the boiler. At the same time 
he opens the condensing valve q ;t and thereby throws 
up a jet of cold water into the cylinder. This imme- 
diately condenses the steam contained in the cyhnder 
and produces the vacuum. (The atmosphere cannot 
enter the blowing valve because it opens outwards, so 
that no air can enter to vitiate the vacuum.) The 
atmospheric pressure above the piston now takes 
effect, and forces it down in the cylinder. The de- 
scent being completed, the engine-man closes the 

* Also called the snifHng valve firom the peculiar noise made by 
the air and steam escaping firom it 
t Also called the injeetUm va2r«. 

6 
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condensing valve q, and opens the regulator r. By 
this means he stops the play of the jet within the 
cylinder, and admits the steam from the boiler. The 
first effect of the steam is to expel the condensing 
water and condensed steam which are collected in the 
bottom of the cylinder through a tube containing a 
yalve which opens (mtwards (called the eduction vahe^) 
and which leads to the hot cistern l, into which this 
water is therefore discharged. 

When tlie steam admitted through r ceases to be 
condensed, it balances the atmosj^eric pressure above 
the piston, and thus permits it to be drawn to the 
top of the cylinder by the weight of the rod j>. 
This ascent of the piston is also assisted by the cir- 
cumstance of the steam being somewhat stronger than 
the atmosphere. 

When the piston has reached the top, the regu- 
lating . valve R is closed, and the condensing valve q, 
opened, and another descent produced as before, and 
so the process is continued. 

The manipulation necessary in working this engine 
was, therefore, the alternate opening and closing of 
two valves, the regulating and condensing valves. 
When the piston reached the top of the cylinder, the 
former was to be closed, and the latter opened, and, 
on reaching the bottom, the fornier was to be opened, 
and the latter closed. 

(37.) From the imperfect attention which even an 
assiduous attendant could give to the management of 
these valves, the perfoimance of the engines was 
very irregular, and the waste of fuel ver^r great, unt^ 



a boy nanied Humphrey PotUr contrived means of 
making the engine work its own valves. This con-" 
trivance^ al&ough made with no other design than 
the indulgence of an idle disposition, nevertheless 
constituted a most important step in the progressive 
improvement of the steam-engine, for hy its means, 
iK)t only the irregularity arising from the negligence 
of attendants was avoided, but the operation of the 
engine was doubled, so that one half of the fuel wa« 
saved. 

Potter attached strings to the levers which worked 
the valves, and carrying these strings to the working 
beam, fastened them upon it in such a manner that 
as the beam ascended and descended, it pulled the 
strings so as to open and close the proper valves 
with the most perfect regularity and certainty. This 
contrivance was afterwards improved upon by an 
engineer named Beighton who attached a straight 
beam called nphg frame to the working beam which 
carried pins wluch, in the ascent and descent of the 
beam, struck the levers attached to the valves, and 
opened and closed them exactly at the proper moment. 

The engine thus improved required no other at- 
tendance except to feed the boiler occasionally by the 
cock T, and to attend the furnace. 



LECTURE IV. 



Advantages of the AtmoepbM'ic Engine orer that of Captain 
Saveiy. It jcontaloed no new Prineiple-^Papin^s Engine-^ 
Unfounded Claims of the French for the Invention of the 
Steam-Engine— James Watt — Particulars of his Life. His 
first Conceptions of the Means of eeonombing Heat. Prin- 
ciple of his projected ImproTements. 



(38.) Considered practicaUy, the atmospheric 
engine described in the last lecture possessed consi* 
derable advantages oyer those of Savery; and even 
at the present day is not unfrequentlj used in difr* 
tricts where fuel is very abundant and cheap, its first 
cost being considerably less than that of a modern 
engine. The low pressure of the steam which worked 
them rendered the use of these engines perfectly safe : 
there being only a bursting pressure of about lib* 
per inch, while in Savery's there was a bursting pres- 
sure amountiug to SOlbs. The low temperature of 
the steam used, which did not exceed 216^, did not 
weaken or destroy the materials ; while Savery's en- 
gines required steam raised firom water at 267^, which 
in a short time rendered the engine unable to sustain 
the pressing. 

The power of Savery^s engines was also very limit- 
ed, both as to the quantity of water raised, and the 
height to which it was elevated. (29) On the other 
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hand, the atmospheric engine had no other limit than 
the dimensions of the piston. In estimating the 
power of these engines, however, we cannot allow 
the fall atmospheric pressure as an effective force. 
The condensing water being mixed with the con- 
densed 8te€im, forms a quantity of hot water in the 
bottom of the cylinder, which, not being submitted 
to the atmospheric pressure (17,) produces a vapour 
which resists the descent of the piston. In practice 
we find that an allowance of at least 31bs. per square 
inch should be made for the resistance; of this vapour, 
and lib. per square inch for friction, &c. ; so that the 
effective force will be found by subtracting these 4lbs. 
per square inch from the atmospheric pressure ;. 
which, if estimated at 151bs. leaves an effective work- 
ing power of about lllbs. per square inch. This, 
however, is rather above what is commonly ob- 
tained. 

Another advantage which this engine has over 
those of Savery, is the facility with which it might 
be applied to drive machinery by means of the work- 
ing beam. 

(39.) On the score of invention, Newcomen does 

not appear to have much claim. The agency of the 

atmospheric pressure was long known ; the formation 

of a vacuum by the condensation of steam was Sa^ 

very's discovery; the elastic force of steam used 

to balance the atmosphere in the ascent, was the 

discovery of Ldrd Worcester ; the construction of the 

boiler, gauge-pipes, regulator, 6cc. were similar to 

those in Savery's engines. The idea of working a 

6* 
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piston in a cjlinder by the fLtmofpherio preasuros bj 
forming a vacuum below it, was suggested byOtta 
Guencke, cin ingenious German philo9opher, and the 
inventor of the air-pump. The use of a working-beam 
could not have been unknown. Nevertheless, veiy 
considerable credit must be acknowledged to be due 
to Newcomen for the judicious combination of alt 
tliese scattered principles, so as to form the atmo- 
spheric engine. 

(40.) The patent of Newcomen was granted in 
1705 ; and in 1707, Papin, a native of France, and 
professor of mathematics at Marpirg^ published a 
work entitled, " A New Method of raising Water by 
Fii-e," in which a steam-engine is described, which 
would scarcely merit notice here, were it not that it 
fonns the ground on which the French claim the in- 
vention of the steam-engine. The publication of Pa* 
pin's work was nine years after Savery's patent, with 
which he acknowledges himself acquainted, and two 
years after Newcomen*s. The following is a descripr 
tion of Papin's steam-engine : 

An oval boiler, a (fig. 11.) is filled to about two^ 
thirds of its entire capacity vrith water, through a 
valve B in the top, which opens upwards, and is kept 
down by a lever carrying a sliding weight. The 
pressure on the valve is regulated by moving the 
weight to or from b, like the common steelyardi. 
This boiler communicates with a cylinder c, by a sy« 
phon tube furnished with a stopcock at Or The 
cylinder c has a valve f in the top, closed by a lever 
and weight similar to b, and a tube with a fttopcook g 



fift 

opejiiiig into the almo8pliei>e,. In this cylinder is 
placed a bc^ow ct^per piaton h» which mo¥es fireelj 
ia it, and floats upon the water. Another tube forms 
a communication between the bottom of this cylinder 
and the bottom of a ekwe. cylindrical vessel i, called 
the air-vessel. In this tube is a valTC at k, opening 
upwards^ aljSK> a pope terminated in a funnel, and fur- 
nished with arali^e l, which opens downwards. From 
the lower part or the air-vessel a tube proceeds, fur- 
nished also with a stopcock m, and which is continued 
to whatever height the water is to be raised. 

Water being poured into the funnel, passes through 
the valve l, which opens downwards, and filling the 
tube, ascends into the cylinder c, carrying the floating 
piston fiT on its surface, and maintains the same level 
in c which it has in the funnel. In this manner the 
cylinder c may be filled to the level of the top of the 
funnel. In this process, the cock o should be left 
open to allow the air in the cylinder to escape as the 
water rises. 

Let us now suppose that, a fire being placed be- 
neath the boiler, steam is being produced. On open- 
ing the cock o, and closing g, the steam, flowing 
through the syphon tube into the top of the cylinder, 
presses down the floating piston, and forces the wate;' 
through the lower tube. The passage at l being 
stopped, since l opens downwards^ the water forces 
open the valve k, and passes into the air-vessel i. 
When the piston h has been forced to the bottom of 
the cylinder, the cock p is closed, and o is opened, 
and the steam allowed to escape into the atmosphere. 
The cylinder is tiiea replenished ftom the limnel as 
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before ; and the cock g being clofied, and d openedf 
the process is repeated, and more water forced into the 
air-ressel i. 

By continuing this process, water is forced into the 
air-Tessel; and the air which originallj filled that 
vessel is compressed into the space abore the water; 
and its elastic force increases exactly in the same 
proportion as its bulk is diminished. (6) Now, sup-^ 
pose that half of the vessel i has been filled by the 
water which is forced in, the air above the water be- 
ing reduced to half its bulk, has acquired twice the 
elastic force, and therefore presses on the surface of 
the water with twice the pressure of the atmosphere* 
Again, if two thirds of the air-vessel be filled with 
water, the air is compressed into one third of its bulky 
and presses on the surfiace of the water with three 
times the pressure of the atmosphere, and so on. 

Now if the cock m be opened, the pressure of the 
condensed air will force the water up in the tube n, 
and it will continue to rise until the column balances 
the pressure c^ the condensed air. If, when the water 
is suspended in the tube, and the cock m open, the 
vessel I is half filled, the height of the column in n 
will be 34 feet ; because 34 feet of water has a pret* 
sure equal to the atmosphere ;. and this added to the 
atmospheric pressure on it, gives a total pressure 
equal to twice that of the atmosphere, which balances 
the pressure of the air in i reduced to half its bulk. 
If two thirds of i be filled with water, a column of 
6S feet will be supported in n ; for such a column, 
united vnth the atmospheric pressure on it^ gives a 
lotal- pressure equal to three times that of the atmo- 
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sphere, which balances the air in i, compressed into 
One third of its original bulk. 

(41.) By omitting the principle of condensation, 
this machine loses 26 feet in the perpendicular lift. (29) 
But, indeed, in every point of view, it is inferior to 
the engines of Savery and Newcomen : and the date 
-of its first publication sets at rest all question re- 
specting the right of Papin to any share in the inven- 
tion of the steam-engine. Even had the publication 
of Papin's contrivance preceded that of Savery, he 
>vould still have been entitled to no share in the in- 
vention — ^the principle which he uses being only the 
elastic force of steam, which had long before been 
suggested by Lord Worcester. 

(42.) From the construction of the atmospheric 
engine by Newcomen, in 1705, for about half a cen- 
tury, no very importaitf step had been made in the 
improvement of the steam-engine. During this time 
the celebrated Smeaton had given much of his at- 
tention to the details of the atmospheric engine, and 
brought that machine to as high a state of perfection 
as its principle seemed to admit, and as it has ever 
since reached. 

In the year 1763, James Watt, a name illustrious 
in the history of mechanical science, cominenced his 
^periments on steam. This man was' bom at 
Greenock, in the year 1736; ^d at the age of 16 was 
i^prenticed to a malliematical instnunent maker, with 
whom he spent four years. At the age of 20 he 
placed himself under a regular mathematical instru- 



ment fnaker in London. After a short time, finding 
his health declining, he returned to Scotland, and 
commenced business on his own account at Glasgow. 
In 1757 he was appointed mathematical instrument 
maker to the uniyersity of Glasgow, where he resided 
and carried on his business. 

This circumstance produced an acquainjtance be^ 
tween him and the celebrated Dr. Robison, then a 
student in Glasgow, who, directed Watt's attention to 
the steam-engine. In his first experiments he used 
steam of a high pressure ; but found it attended with 
so much danger of bursting the boiler, and difficulty of 
keeping the joints tight, and other objiections, that h^ 
relinquished the inquiry at that time. 

(43.) In the winter of 1763, Watt was employed to 
repair the model of an atmospheric engine, belonging 
to the natural philosophy class in the university^ a 
circumstance which again tu«ied his attention to the 
subject of the steam-engine. He found the con«^ 
sumption of steam in working this model so great, 
that he concluded that the quantity wasted must 
have had a very Icurge proportion to that spent in 
working the piston. His first conclusion was, that 
the material of the cylinder (brass) was too good a 
Conductor of heat, and that much Was thereby lost. 
He made some experiments, accordingly, with wooden 
cylinders soaked in linseed oil, which, however, he 
soon laid aside. Further consideration convuiced him 
that a prodigious waste of steam was essenticd to the 
very principle of the atmospheric engine. This will 
be easily understood. 
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When the steam fills the cylinder so as to balance 
the atmospheric pressure on the piston, the cylinder 
mtkst have the same temperature as the steam itself. 
Now, on introducing the condensing jet, the steam 
mixed with this water forms a mass of hot water in 
the bottom of the cylinder. This water, not being 
under the atmospheric pressure, boils at very low 
temperatures, and produces a vapour which resists 
the descent of the piston. 

The heat of the cylinder iiself assists this process; 
so that in order to produce a tolerably perfect va- 
cuum under the piston, it was found necessary to 
introduce so considerable a quantity of condensing 
water, as would reduce the temperature of the water 
in the cylinder lower than 100°, and which would con- 
sequently cool the cylinder itself to that temperature. 
Under these circumstances, the descent of the piston 
was found to suffer very little resistance from any 
vapour within the cylinder; but then on the subse- 
quent ascent, an immense waste of steam ensued. 
For, on being admitted under the piston, the cold 
cylinder and water of condensation immediately con- 
densed the steam, and continued to do so, until the 
cylinder became heated again up to 212°, to which 
point the whole cylmder should be again heated be- 
fore the ascent could be completed. Here, then, 
was an obvious and an extensive source of the waste 
of heat. At every descent of the piston, the cylinder 
should be cooled to below 100^ ; and at every ascent 
it should be again heated to 212°. It, therefore, be- 
c^tipe |i question whether the force gained by the in- 
creased perfection of the vacttum, was adequate to 
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the waste of Aiel in producing the vacuum; and it 
was found, on the whole, more profitable not to cool 
the cylinder to so low a temperature, and conse* 
quently to work with a very imperfect vacuum, and a 
diminished power. 

Watt, therefore, found the atmospheric engine in 
this dilemma: either much or little condensation- 
water was to be used. If much were used, the va- 
cuum would be perfect ; but then the cylinder would 
be cooled, and would entail an extensive waste of 
fuel in heating it. If little were used, a vapour would 
remain, which would resist the descent of the piston, 
and rob the atmosphere of a part of its power* The 
great problem then pressed itself on his attention, to 
condense the steam without cooling the cylinder. 

From the small quantity of water in the form of 
steam which filled the cylinder, and the large quan- 
tity of injected water to which this communicated 
heat. Watt was led to inquire what proportion the 
bulk of water in the liquid state bore to its bulk in 
the vaporous state; and also what proportion sub- 
sisted between the heat which it contained in these 
two states. He found by experiment that a cubic 
inch of water formed a cubic foot of steam ; and that 
the cubic foot of steam contedned as much heat as 
would raised a cubic inch of water to about 800°. (19) 
This gave him some surprise, as the thermometer 
indicated the same temperature, 212°, for both the 
steam and the water from which it was raised. What 
then became of all the additional heat which was 
contained in the steam, and not indicated by the 
thermometer? Watt concluded that this heat must 
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be in some way engaged in maintaining the liquid in 
its new form. 

Struck with the singularity of this circumstance, 
he communicated it to Dr. Black, who then explained 
to Watt his doctrine of latent heat^ which he had been 
teaching for a short time before' that, but of which 
Watt had not previously heard ; and thus, says Watt, 
*' I stumbled upon one of the material facts on which 
that theory is founded." 

(44.) Watt now gave his whole mind to the con- 
sideration of a method of '* condensing the steam 
without cooling the cylinder." The idea occurred to 
him of providing a vessel separate from the cylinder, 
in which a constant vacuum might be kept up. If a 
communication could be opened between the cylinder 
and this vessel, the steam, by its expansive property, 
would rush from the cylinder to this vessel, where, 
being exposed to cold, it would be immediately con- 
densed, the cylinder meanwhile being sustained at the 
temperature of 212°. 

This happy conception formed the first step of that 
brilliant career, which has immortalized the name of 
Watt) and which has spread his fame to the very 
skirts of civilization. He states, that the moment 
the notion of " separate condensation" struck him, 
all the other details of his improved engine fol- 
lowed in rapid and immediate succession, so that in 
the course of a day his invention was so complete, 
that he proceeded to submit it to experiment. 
, His first notion was, as we have stated, to provide 

a separate vessel, called a condenser, having a pipe or 

7 
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tube communicating with the cylinder. This con* 
denser he proposed to keep cold by being immersed 
in a cistern of cold water, and by providing a jet of 
cold water to play within it. When the communica- 
tion with the cyhnder is opened, the steam, rushing 
into the condenser, is immediately condensed by the 
jet and the cold surface. But here a difficulty pre- 
sented itself, viz. how to dispose of the condensing 
water and condensed steam, which would collect in 
the bottom of the condenser 1 Besides this a certain 
quantity of air would inevitably enter combined with 
the condensing water, which, accumulating, would 
collect in the cylinder and resist the descent of the 
piston. To remedy this he proposed to farm a ccm- 
munication between the bottom of the condenser and a 
pump which he called the air pump, so that the water 
and air^ or other fluids^ which might be collected in the 
condenser^ would thus be drawn off; and it was easy to 
see how this pump could be worked by the machine 
itself. This constituted tlie second great step in the 
invention. 

It had been found necessary, that the piston might 
move air-tight in the cylinder, to keep a quantity of 
water supplied above it. In the present case, any 
X)f this water which might escape through the piston, 
or between it and the cylinder, would boil, the cylin- 
der being proposed to be kept at 212'*'; and would 
thus, by the steam it would produce, vitiate the vacuum. 
To avoid this inconvenience, Watt proposed to lubri- 
cate the piston, and keep it air-tight, by employing 
melted wax and tallow. 

Another inconvenience was still to be removed. On 
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the descent of the piston, the air which entered the 
cylinder would lower its temperature ; so that, upon 
the next ascent, some of the steam which entered it 
would be condensed, and hence would arise a source 
of waste. To remove this difficulty, Watt proposed 
to close the top of the cylinder altogether, by an air- 
tight and steam-tight cover, allowing the piston-rod 
to play through a hole furnished with a stuffing-box, 
and to press down the piston hy steam instead of the 
atmosphere. 

This was the third step In this great invention, 
and one which totally changed the character of the 
machine. It now became really a steam-engine in 
every sense ; for the pressure above the piston was 
the elastic force of steam, and the vacuum below it 
was produced by the condensation of steam ; so that 
steam was used both directly and indirectly as a 
moving power; whereas, in the atmospheric engine 
the indirect force of steam only was used, being adopt- 
ed merely as an easy method of producing a vacuum. 

The last difficulty respecting the economy of heat 
which remained to be removed, was the circumstance 
of the cylinder being liable to be cooled on the exter- 
nal surface by the atmosphere. To obviate this, he 
first proposed casing the cylinder in wood, as being a 
substance which conducted heat slowly. He subse- 
quently, however, adopted a different method, and 
enclosed one cylinder within another, leaving a space 
between them, which he kept constantly supplied 
with steam. Thus the- inner cylinder was kept 
constantly up to the temperature of the steam 
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which surrounded it. The outer Gjhnder is called the 
jcLcket* 

(45.) Watt computed that in the atmospheric en- 
gine three times as much heat was wasted in heating 
the cylinder, &^. as was spent in useful effect. And,, 
as by the improvements proposed by him nearly all 
waste wa& remoyed, he contemplated, and afterwards 
actually effected, a saving of three-fourths of the 
fuel. 

The honour due to Watt for his discoveries is en- 
hanced by the difficulties under which he laboured 
from contracted circumstances at the time b^ made 
them. He relates, .that when he was endeavouring 
to determine the heat consumed, in the production of 
steam, his means did not permit him to use an effi^ 
cient and proper apparatus, which would have been 
attended with expense; and it was by experiments 
inade with apothecaries* phials, that he discovered the 
property already mentioned, and . which was one of 
the facts on which the doctrine of latent heat was 
founded. 

A large share of the merit of Watt's discoveries 
has, by some writers, been attributed ' to Dr. Black, 
to whose instructions on the subject of latent heat» 
&c. it is said that Watt owed the knowledge of those 
facts which led to his improvements. Such, however, 
was not the case ; and the mistake arose chiefly from 

* It is a remarkable circumstance, that Watt used the same 
means for keeping the cylinder hot, as Newcomeu used in his ear* 
Her engines to eod it. (34) 
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some passages respecting Watt in the works of Dr. 
Robison, in one of which he states, himself to have 
been a pupil and intimate fiiend of Dr. Black ; and 
that he attended two courses of his lectures at college 
in Glasgow. Such, however, was not the case ; for, 
** Unfortunately for me," says Watt in ^ letter to Dr. 
Brewster, " the necessary avocations of my business 
prevented me from attending his or any other lectures 
at college. In further noticing Dr. Black's opinion, 
that his fortunate observation of what happens in the 
formation and condensation of elastic vapour *has 
contributed in no inconsiderable degree to the pubtic 
good, by suggesting to my friend Mr. Watt of Bir- 
mingham, then of Glasgow, his unprovements on the 
steam-engine,' it is very painful for me to contro- 
vert any opinion or assertion -of my revered friend ; 
yet, in the present case I find it necessary to say, 
that he appears to me to have fallen into an error: 
These improvements proceeded upon the established 
fact, that steam was condensed by the contact of cold 
bodies, and the later known one, that water^ boiled at 
heats below 100^, and consequently that a vacuum 
could not be obtained unless the cyhnder and its 
contents were cooled every stroke below that heat." 
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LECTURE V. 



Watt's siogte-acting Steam-Engine— Ezpansiye principle ap- 
plied— Failure of Roebuck, and partnership with Bolton — 
Patent extended to 1800— Counter— Difficulties in getting the 
Engines into use. 



(46.) The first machine in which Watt reaUzed the 
conceptions which we mentioned in the last lecture, 
18 that which was afterwards called liis Single'acting 
Steam' Engine. We shadl now describe the working 
apparatus in this machine. 

The cylinder is represented at c — (fig. 12) in which 
the piston p moves steam-tight. It is closed at the 
top, and the piston rod being very accurately turned, 
runs in a steam-tight collar b furnished with a stuff- 
ing-box, and constantly supplied with melted tallow 
or wax. Through a funnel in the top of the cylinder, 
melted grease is let in on the piston so as to maintain 
it steam-tight. Two boxes a a, contedning the valves 
for admitting and withdrawing the steam, connected 
by a tube of communication t, are attached to the 
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cyhnder ; the action of these valyes will be presentl^r 
described. Below the cylinder, placed in a cistern 
of cold water, is; a close cylindrical vessel d, called 
the condenser, communicating with the cylinder by 
a tube t', leading to the lower valve box a. In 
the side of this condenser is inserted a tube, the 
inner end of which is pierced with holes like the 
rose of a watering-pot, and a cock e in the cold 
cistern is placed on the outside, through which, 
when open, the water passing, rises in a jet on the 
inside. 

The tube s which conducts steam' from the boiler, 
enters the top of the upper valve ,box at f. Immedi- 
ately under it is placed a valve o which is opened and 
closed by a lever or rod g'. This valve, when open, 
admits steam to the top of the piston, and also to the 
tube T, which communicates between the two valve 
boxes, and when closed, suspends the admission of 
steam. There are two valves in the lower box, one 
H in the top worked by the lever h', and one i in the 
bottom worked by the lever i. The valve h when 
open, admits steam to pass from the cylinder above 
the piston, by the tube t, to the cylinder below the 
piston, the valve i being supposed in this case to be 
closed. This valve i when open (the valve h being 
closed) admits steam to pass from below the cylinder 
through T to the condenser. This steam entering 
the co^jdenser, meets the jet, admitted to play by the 
valve E, and is condensed. 

The valve o is called the upper steam-^ahe ; h, the 
lower steam-^ethe ; i, the exhausting nahe ; and e, the 
condensing valve. Let us now consider how ^ese 
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valiree must be worked in order to produce the alter- 
nate ascent and descent of the piston. 

It is in the first place necessary, that all the air 
which fills the cylinder, tubes, and condenser, should 
be expelled. To accomplish this it is only necessary 
to open at once the valves g, h, and i. The steam 
then rushing from f through the valve g will pass 
into the upper part of the cylinder, and through the 
tube T and the valve h into the lower part, and also 
through the valve i into the condenser. After the 
steam ceases to be condensed by the cold of the 
appeu*atus, it will rush out mixed with air through 
the valve m which opens outwards; and this will 
continue until all the air has been expelled, and the 
apparatus filled with pure steam. Then suppose all 
the valves again closed. The cyHnder both above 
and below the piston is filled with steamy and the 
steam which filled the condenser being cooled by the 
cold surface, a vacuum has been produced in that 
vessel. 

The apparatus being in this state, let the upper 
steam-valve g, the exhausting valve i, and the con- 
densing valve E be opened. Steam will thus be ad- 
mitted through G to press on the top of the piston; 
and this steam will be prevented from circulating to 
the lower part of the cylinder by the lower steam 
valve H being closed. Also the steam which filled 
the cylinder below the piston rushes through the 
«pen exhausting valve i to the condenser, where it 
meets the jet allowed to play by the open condensing 
valve E. It is thus instantly condcBsed, and 9 
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vacuum is left in the cjliader below the piston. Into 
this vacuum the piston is pressed without resistance 
by the steam wliich is admitted through g. When 
the piston has thus been forced ta the bottom of the 
cylinder, let the three valves e, i, and e, which were 
before opened, be closed, and let the lower steam- 
valve H be opened. ^ The effects of this change are 
easily perceived, / By closing the upper steam-valve 
6, the further, admission of steam to the apparatus is 
stopped. 'By closed the exhausting valve i, all 
transmission of steam fix)m the cylinder to the con- 
denser is stopped. Thus the steam which is in the 
cyhnder, valve-boxes, and tubes, is shut up in them, 
and no more admitted, nor aziy allowed to escape. 
By closing the condensing valve b, the play of the jet 
in the condenser is suspended. 

Previously to opening the valve h, the steam con- 
tained in the apparatus was confined to the part of 
the cylinder above the piston and the tube t and 
valve box a. But on opening this valve, the steam 
is allowed to circulate above and below the piston ; 
and in fact through every part included between the 
upper steam valve g, and the exhausting valve i. 
The same steam circulating on both sides, the piston 
is thus equally pressed upwards and downwards. 

In this case there is no force tending to retain the 
piston at the bottom of the cylinder except its own 
weight. .-Its ascent is produced in the same manner 
as the ascent of the piston in the atmospheric engine. 
The piston-rod is connected by chains g, to the arch- 
bead of the beam, and the weight of tile pump-rod i^ 
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or any o^her counterpoise acting on the chains sus« 
pended from the other arch-head draws the piston to 
the top of the cyUnder. 

When the piston has arrived at the top of the 
cylinder, suppose the three valves o, i, and e to be 
again opened, and h closed. Steam passes from the 
steam-pipe p through the upper steam-valve o to the 
top of. the piston and at the same time the steam 
which filled the cylinder, below the piston, is drawn 
off through the open exhausting valve i into the con- 
denser, were it is condensed by the jet allowed to 
play by the open condensing vcdve e. The pressure 
of the steam above the piston then forces it without 
resistance into the vacuum below it, and so the process 
is continued. 

It should be remembered, that of the four valves 
necessary to work the piston, three are to be opened 
the moment the piston reaches the top of the cylin- 
der, and the fourth is to be closed ; and on the piston 
aiTiving at the bottom of the cylinder, these three are 
to be closed and the fourth opened. The three valves 
which are thus opened and closed together, are the 
upper steam- valve, the exhausting- valve, and the 
condensing-valve. The lower steam-valve is to be 
opened at the same instant that these are closed, and 
vice versd. The manner of working these valves we 
Fhall describe hereafter. 

(47.) The process which has just been described, if 
continued for any considerable number of reciproca- 
tions of the piston, would be attended with two very 
obvious effects which would obstruct and finally de« 
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stray the action of the machine. First the condens*' 
ing water and condensed steam would collect in the 
condenser d, and fill it, and secondly the water in the 
cistern in which the , condenser is placed, would gra- 
dual^ become heated, until at last it would not be 
cold enough to condense the steam when introduced 
in the jet. Besides tliis it will be recollected that 
tv^ater boils in a vacuum at a very low temperature 
(17) ; and, therefore, the hot water collected in the 
bottom of the condenser would produce steam which, 
rising into the cylinder through the exhausting-valve, 
would resist the descent of the piston, and counter- 
act the effects of the steam above it. A further dis- 
advantage arises from the air or other pennanently 
elastic fluid which enters in the jet in combination 
with the water, and which is disengaged by its own 
elasticity in the vacuum produced in the condenser. 

To remove these difficulties, a pump is placed near 
the condenser communicating with it by a valve m, 
which opens from the condenser into the pump. In 
this pump is placed a piston which mov«s air-tight» 
and in which there is a valve n which opens upwards. 
Now suppose the piston at the bottom of the pump. 
As it rises, since the valve in it opens upwards^ no air 
can pass down through it, and consequently it leaves 
a vacuum below it. The water and any air which 
may be collected in the condenser open the valve m, 
and pass into the lower^art of the pump, from which 
they cannot return in consequence of the valve m 
opening outwards^ On the desceilt of the pump- 
piston, the fluids which occupy the lower part of the 
pump, force open the piston-valvci^ n, and passing 
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through it get above th^ piston, from which their re- 
turn is prevented by the valve N. In the next ascent, 
the piston hfts these fluids to the top of the pump, 
whence they are discharged through a conduit into a 
small cistern b by a valve k which opens outwards. 
The water which is thus collected in b is heated by 
the condensed steam, and is reserved in b which is 
called the hot-well for feeding the boiler, which is 
effected by means which we shall presently explain. 
The pump which draws off the hot water and air from 
the condenser is called the air-pump, 

(48.) We have not yet explained the manner in 
which the valves and the air-pump piston are worked. 
The rod q of the latter is connected with the working 
beam, and the pump is therefore wrought by tlie en- 
gine itself. It is not very materitd to which arm of 
the beam it is attached. If it be on the same side of 
the centre of the beam with the cyUnder, it rises and 
falls with the steam-piston ; but if it be on the oppo- 
site side, the * pump-piston rises when the steam- 
piston falls, and vice versd. In the single-engine 
there are some advantages in the latter arrangement. 
As the steam-piston descends^ the steam rushes into 
the condenser, and the jet is playing, and this, there- 
fore, is the most favourable time for drawing out the 
water and condensed steam from the condenser by 
the ascent of the pump-piston, since by this means 
the descent of the steam-piston is assisted, an effect 
which would not be produced if the steam-piston and 
pump-piston descended together. 
With respect to the method of opening and closing 
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.the vrfves, it is evident that the three valves which 
are simultaneously opened and closed, may be so con- 
nected as to be worked by the same lever. This lever 
may be struqk by a pin fixed upon the rod q of the 
•ir^pump, so that when the pistons have arrived at the 
top of the cylinders, the pin strikes the lever and opens 
tiie tibree valves. A. catch or detent is provided for 
keeping them open during the descent of the piston« 
firom which they are disengaged in a similar manner 
on the arrival of the piston at the bottom of the cy- 
linder, and they close by their own weight. 

In exactly the same way the lower steam^valve is 
opened on the anival of the piston at the bottom of' 
Ae cylinder, and closed on its arrival at the top by 
^ action of a pis placed on the piston-rod of the 
«ir-|nunp* 

{49,) Soon after the invention of these engines. 
Watt found that in some instances inconvenience 
aiose from the too rapid motion of the steam-piston 
at the end of its stroke, owing to its being moved with 
fln €tccehraied motunL This was owing to die uniform 
action of the steam pressure upon it. For upon first 
putting it in motion at the top of the cylinder, the 
motion was comparatively slow, but from the con- 
tinuance of the same pressure the velocity with which 
^e piston descended was continually increasing, until 
it reached the bottom of the cylinder where it ac- 
quired its greatest velocity. To prevent this and to 
render the descent as nearly as possible uniform, it 
was proposed to cut off the steam before the descent 

was completed, so that the remainder might be effect- 

8 
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od merely by the expansion of th^ steam which W(BI8 
admitted to the cyhnder. To accomplish this, he 
contrived, by means of a pin on the Fod of the air- 
pump, to close the upper steamrvalve when the steam- 
piston had completed one-third of its entire descent, 
and to keep it closed during the remainder of the 
descent, and until the piston again reached the top of 
the cylinder. By this arrangement the steam pressed 
the piston with its full force through one-third- of the 
descent, and thus put it into motion ; during the other 
two-thirds the steam thus admitted acted merely by 
its expansive force, which became less in exactly the 
same proportion as the space given to it by the dcr 
scent of the piston increased. Thus during the lasl 
two-thirds of the descent the piston is urged by a 
gradually decreasing force which in practice wa^r 
found just sufficient to keep up in the piston an uni- 
form velocity. 

Another advantage gained by this contrivance in- 
dependently of the uniformity of the: motion was, that 
t\^'o-thirds of the fuel were saved ; for instead of con- * 
suming a cylinder full of steam, each descent of the 
piston, only one-third of a cylinder full was ne- 
cessary. 

(50.) We have already mentioned the difficulty 
arising from the wfiter in the cistern, in which the 
condenser and air-pump are placed, becoming heated, 
and the condensation therefore becoming imperfect. 
To prevent this, a waste-pipe is placed in this cistern, 
from which the water is continually discharged, and a 
piinp L (called the cold water pump) is worked by the 
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engine itself, which raises a supply of cold water and 
sends it through a pipe in a constant stream into the 
cold cistern. The waste-pipe, through which the 
water flows from the cistern, is placed near the top of 
it, since the heated water being lighter than the cold, 
remains on the top. Thus the heated water is con- 
tinually flowing off, and a constant stream of cold 
water supplied. The piston-rod of the cold water 
pump is attached to the beam (by which it is worked) 
usually on the opposite side from the cylinder. 

Another pump o (called the hot water pvmp,) enters 
the hot-well b, and raising the water from it, forces it 
through a tube to the boiler for the purpose of feed- 
ing it. The manner in which this is effected will be 
more particularly described hereafter. A part of 
the heat which would otherwise be lost, is thus 
restored to the boiler to assist in the production . of 
fresh steam. We may consider a portion of the heat 
to be in this manner circulating continually through 
the machine. It proceeds from the boiler in steam ; 
works the piston, passes into the condenser, and is re- 
converted into hot water ; thence it is passed to the 
hot-well, from whence it is pumped back into the 
boiler, and is again converted into steam, and so pro- 
ceeds in constant circulation. 

(51.) From what has been described, it appears 
that there are four pistons attached to the great beam 
and worked by the piston of the steam-cylinder. On 
the same side of the centre with the cylinder is the 
piston-rod of the air-pump, and on the opposite side 
are the piston-rods of the hot water pump and the 
cold water-pump, and lastly, at the extremity of the 
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beam opposite to that at which the steam-pintoii irorks« 
is the piston of the pump to be wrought by the engine. 

(52.) The position of these piston-rods with respect 
to the centre of the beam depends on the j^ay neces- 
sary to be given to the piston.* If the play of the 
piston be short, its rod will be attached to the beam 
near the centre, and if longer, more remote from the 
centre. The cylinder of the air-pump is commonly 
half the length of the steam-qrlinder, and its piston- 
rod is attached to the beam at the point exactly in 
the middle between the end of the beam and the 
centre. The hot water pump not being required to 
raise a considerable quantity of water, its piston re-- 
quires but little play, and is therefore, placed near 
the centre of the beam, the piston-rod of the cold 
water pump being farther from the centre. 

(53.) It appears to have been about the year 17d3» 
that Watt- made these improvements in the steam* 
engine and constructed a model which fully realized 
his expectations. Either from want of influence or 
the fear of prejudice and opposition, he did not make 
known his discovery or attempt to secure it by a 
patent at that time. Having adopted the profession 
of a land surveyor, his business brou^t him into 
communication with Dr. Roebuck, a gentleman at that 
time extensively engaged in mimng speculations, and 
who possessed some command of capital and was of 
a very enterprising disposition. By Roebuck s assist- 
ance and countenance. Watt erected an engine on 
the new construction at a coal mine on the estate of 
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the Duke of Hamilton, at Kinneil near Burrow- 
stoness. This engine being a kind of experimental 
one, was improred from time to time as circum- 
stances suggested, until it reached considerable per- 
fection. While it was being erected. Watt in con- 
junction with Roebuck applied for and obtained a 
patent to secure the property in the invention. This 
patent was enrolled in 1769, six years after Watt in- 
vented the improved engine. 

Watt was now preparing to manufacture the new 
engines on an extensive scale, when his partner Roe- 
buck suffered a considerable loss by the failure of a 
mining speculation in which he had engaged and 
became involved in embarrassments, so as to be 
unable to make the pecuniary advances necessary to 
carry Watt's designs inito execution. Again disap- 
pointed, and harrassed by the difficulties which he 
had to encounter, Watt was about to relinquish the 
further prosecution of his plans, when Mr. Matthew 
Bolton, a gentleman who had estabhshed a factory 
at Birmingham a short time before, made proposals 
to purchase Dr. Roebuck's share in the patent, in which 
he succeeded ; and in 1773, Watt entered into part- 
nership with^ Bolton. 

His situation was now completely changed. Bol- 
ton was not only a man of extensive capital, but also 
of considerable personal influence, and had a dis- 
position- which led him, from taste, to undertakings 
which were great and difficult, and which he prose- 
cuted with the most unremitting ardency and^ spirit, 
i* Mr. Watt," says Playfair, '* was studious ahti re*^ 
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served, keeping aloof from the world ; while Mr.^ Bol- 
ton was a man of address, delighting in society, 
active and mixing with people of all ranks with great 
freedom, and without ceremony. Had Mr. Watt 
searched all Europe, he probably would not have 
found another person so fitted to bring his invention, 
before the public, in a manner worthy of its merit 
•..^ah^ importance ; and although of most opposite 
habits, it fortunately so happened, tliat no two men 
ever more cordially agreed ^in their intercourse with 
each other." 

The delay in the progress of the manufacture o£ 
engines occasioned by the failure of Dr. Roebuck was 
such, that Watt found that the duration of his patent 
would probably expire before he would even be reim- 
bursed the necessary expenses attending the vaiiooa 
aiTangements for the manufacture of the engines. 
He therefore, with the advice and influence of Bohon«. 
Roebuck and other friends, in 1775, applied to parlia- 
ment for an extension of the teitn of his patent, which 
was granted for 25 years from the date of his appli— 
cation, so that his exclusive privilege should ezpiie 
in 1800. 

An engine was now erected at Soho (the name of 
Bolton's factory) as a specimen for the examination 
of mining speculators, and the engines were begin- 
ning to come into demand. The manner in which 
Watt chose to receive remuneration from those who: 
used his engines was as remarkable for its ingenuityv 
as for its fairness and liberality. He required that 
onc*third of the saving of coals effected by his en<« 
£rines compared with the atmospheric engines hitherto 
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vteed should be paid to him, leaving the benefit of the 
other two-thirds to the public. Accurate experi- 
ments were made to ascertain the saving of coals: 
and as the amount of this saving in each engine 
depended on the length of time it was worked, 
or rather on the number of descents of the piston, 
Watt invented a very ingenious method of deter- 
mining this. The vibrations of the great work- 
ing beam were made to commimicate with a train of 
wheelwork in the same way as those of a pendulum 
communicate with the work of a clock. Each vibra- 
tion of the beam moved one tooth of a small wheel, 
and the motion was communicated to a hand or index,, 
which moved on a kind of graduated plate like the 
dial plate of a clock. The position of this hand 
marked the number of vibra^ons of the beam. This 
apparatus which was called the counter^^ was locked up 
and secured by twa different keys, one of which was 
kept by tibe proprietor, and the other by Bolton and 
Watt, whose agents went round periodically to exa^ 
mine the engines when the counters were opened by 
both parties and examined, and the number of vibra- 
tions of the beam determined, and the value of the 
patent third fbund.*^ 

Notwithstanding the manifest superiority of these 
engines over the old atrnjospfaeric engines, yet such, 
were the influence of pfejudice and the dislike of what 

*Tht extent of tlie saring in fuel may be judged, from this: 
that for three engines erected at Cbacewater mice in Cornwall, it 
W9» agreed by the proprietors, that they would compound for the 
patent third, at £fMO per annum ; so that the whole saving must 
have 9io6eded £7900 par annam. 
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Ts new, that Watt found great difficulties in getting 
them into general use. The comparative first cost 
also probably operated against them, for it was neces- 
oary that all the parts should be executed with great 
accuracy, which entailed proportionally increased ex- 
pense. In m£uiy instances they felt tliemselves obliged 
to induce the proprietors of the old atmospheric en- 
gines to replace them by the new ones, by allowing 
them in exchange an exorbitemt price for the old en^ 
gines, and in some cases they were induced to erect 
engines at their own expense, upon an agreement that 
they should only be paid if the engines were found to 
fulfil the expectations, and brought the advantages 
which they promised. It appeared since, that Bolton 
and Watt had actually expended a sum of nearly 
X50,000 on these engines before they began to receive 
any return. When we contemplate the immense ad- 
vantages which the commercial interests of tlie country 
have gained by the improvements in the steam-engine, 
we cannot but look back with disgust at the influence 
of that fatal prejudice which opposes the progress of 
improvement under the pretence of resisting innova- 
tion. It would be a problem of curious calculation 
to determine what would have been lost to the re- 
sources of this country, if chance had not united the 
genius of such a man as Watt with the spirit, enter- 
prise, and capital, of such a man as Bolton ! The 
result would reflect little credit on those who think 
ifiovelty alono a sufficient reason for opposition* 



LECTURE VI. 



Defects of the single engine as applied to move machinery — 
Attempti to remove these — by two single engines — by the 
double-acting engine— Its principle — parallel motions-Crank-* 
Sun and planet wheel— Fly-wheel — Governor. 



(54.) In the atmospheric engine, and the improved 
steam-engine of Watt, the power was of an intermitting 
kind. It acted onlj during the descent of the piston, 
hut during the ascent its agency was suspended. Be- 
sides this, the weights or counter-poises which hfled the 
piston in the ascent, acted against the power in the de* 
scent ; and dierefore no power was really saved hj the 
suspension of the agency of steam-pressure during the 
ascent ; since a proportionably increased pressure was 
produced in the descent. Besides, being of an in- 
termitting nature, the power acted only in one direc- 
tion. If the steam-engine were only appKed to 
pum{»ng, these would not be defects, since an inter- 
mitting force acting always in one direction is that 
which is required. ~ But if a more extended applica- 
tion of the powers oi this machine be contemplated, 
these defects becoma serious obstacles. To drive any 
species of machinery, a const«»t and uniform action 
is requisite, and, therefore, the suspension of the 
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power during the ascent of the piston, would be in- 
compatible with this. 

Watt first proposed removing this defect by placing 
a cylinder under each arm of the beam, so that when 
one piston would be rising, the other would be fall- 
ing. Thus the power would be acting on each, exactly 
at the time when its action on the other would be 
suspended, and an uniformity would be produced by 
making both cylinders communicate with the same, 
boiler, so that steam of the same pressure would act 
upon them. They might also communicate with the 
same condenser, so that the same degree of condensa- 
tion, and a similar vacuum would be produced in each, 
thus insuring an equality of action. 

(55.) This arrangement, however, was soon laid 
aside in favour of the single cylinder, with steam 
pressing the piston both uptoards and downwards. 
This was easily accompUshed by opening alternate 
communications, by valves, between each end of the 
cyhnder, and the boiler and condenser. Thus, when 
the piston is at the top of the cylinder, steam is ad- 
mitted from the boiler above the piston, while the 
steam below it is allowed to flow into the condenser; 
and when the piston is at the bottom of the cyhnder, 
steam is admitted from the boiler below it, while that 
which is above it is allowed to flow into the condenser. 
There is thus a vacuum formed in the cyhnder, alter- 
nately, above and below the piston, into which the steam 
admitted on the other side pressess it. Such is the 
principle of what is called the double-acting steam en- 
gine, in contradistinction to that in whiofa» as described 
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m the last lecture, steam acts only en one side of the 
piston, while a vacuum is produced only on the other 
side. 

In this case, the process of condensation must be 
constantly. sustained in the condenser, for when the 
piston is descended, the steam below it is being con<- 
densed, and when it is ascending, the steam above it 
is being condensed. The jet must, therefore be kept 
constantly playing in the condenser, and the quantity 
of water which it admits, is regulated by a valve adf 
justed by a lever or index which moves upon a graduate- 
ed arch, and which may be regulated by the engineer 
when the engine is set at work. 

(56.) This change in the action of the first mover 
occasioned a necessi^ for a change in the manner of 
connecting the piston-rod with the beam. In the 
single-acting engine, the end of the beam pulled 
the piston-rod t/p, and the piston-rod pulled the 
end of the beam down. In both these cases, therefore, 
a flexible chain, applying itself to the arch-head 
of the beam, evidently transmitted the force. But 
in the double-acting engine it is quite otherwise. In 
the descent, it is true, that the piston-rod still pulls 
the beam down, but in the ascent the beam no longer 
pulls up the piston-rod, but is pushed up by it. Now, 
a flexible chain, though an effective agent in trans- 
mittipg tha;t modification of force called a pull, is in- 
capiable of communicating a push or thrust. Were 
the chain and arch-head to be used in a double engine, 
(which has no counter weight on the opposite end of 
the beam to pull it up) the consequence would be 
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that, in the ascent of the piston, the chain would 
slacken, and the end of the beam above the piston- 
tod still remain depressed. 

It is, therefore, necessaiy that the connexion of the 
piston-rod with the end of the beam should not be 
flexible but rigid^ so as to be capable oi transmitting 
force, both by pulling and puMng. Watt first pro- 
posed effecting this by making the {uston-rod ter- 
minate in a rack with teeth, which should play in cor- 
responding teeth raised on the arch head k4 ^ beam 
as in fig. 13. 

(57.) Against this method, however, th^re weie 
some objections, as it was Uable to wear, and failed 
to give that smoothness of motion to the piston-rod 
which is essentially necessary for the preservatioB of 
the condition of the engine. The problem, thei^fbre, 
which presented itself for solution, was to convert a 
perfectly smooth and straight motion of the piston- 
rod into a circular motion in the end of the beam,* 
and the genius of Watt never was more clearfy mani- 
fested than in his solution of this problem. 

He conceived the notion of two straight rods ▲ b, 
c D (fig. 14.) moving oh centres or pivots a and c, so 
that the ends b and d would move in arcs of circles, 
with A and c as centres, The extremities b and d 
of these rods he conceived to be connected by a third 
rod B D, united with them by pivots at b and d 
on which it could turn freely. To the system of 



^ Tecbnieally '' to conTcrt a reciprocstieg rectUiaear motion 
into a reciprocating circular ntiotion.'* 
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rods thus connected, let an alternate motion round 
the fixed centres a and c be communicated. The 
points B and d will move in arcs with centres at 
A and c respectively, but the middle point p of the 
connecting-rod b d will move upwards and downwards 
in a straight line.* 

His mahner of reducing this mathematical principle 
to practical application was as elegant as the notion 
itself was ingenious. 

The apparatus is represented on the arm of the 
beam which works the piston in fig. 15. The beam, 
moving on its axis c, every point in its arm moves 
in the arc of a circle of which c is the centre. Let 
B be the point which divides the aim a c into equiJ 
parts, A B and b c ; and let d e be a straight rod 
equal in length to c b, and playing on the fixed centre 
or pivot D. The end e of this rod is connected by 
a straight bar e b with the point b, by pivots at b 
and B, on which the rod b e turns freely. If the 
becun be supposed to move alternately on its axis c, 
the point b will move up and down in a circular arc, 
of which c is the centre ; and at the same time tlie 
point e will move in an equal circular arc round the 
point D as a centre. According to what we have just 

* In a strict mathematietl sense, the path of the point P U 
a ciirve of a higher order, but in the play which is gifen to it 
in the application used in the steam-engine, it describes only 
a part of its entire locus, and this part extending equally on 
i-acli side of the point of inflection, its radius of enrratora is 
infinite, so that in practke, the deviation flrom a straight IIim!. 
when proper proportions are obferved is tha radsy b hnper- 
ceptible. 

9 
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explained, the middle point f of the rod b e will more 
up and down in a straight line. 

Also, let a rod a g, equal in length to b £, be at* 
tached to the end a of the beam by a pivot on which 
it moves Ireely ; and let its extremity o be connected 
with E by a rod o e, equal in length to a b, and play- 
ing on pivots at o and e. The point g will move in 
a straight line parallel to that in which f moves.* The 
piston-rod of the steam-piston is attached to the point 
G, and that of the air-pump is attached to the point f, 
so that they are thus moved in parallel straight lines, 
one having double the motion of the other, being 
double the distance from the centre c.f 

This beautiful contrivance is called the parallel mo- 
Hon; and is an instance of the result of a complicated 
mathematical analysis perceived instinctively, and ap- 
parently without any chain of connected reasoning. 
Watt was asked by those whose admiration was justly 
excited by this exquisite invention, to what reasoning 
he could trace back his discovery ; and he repbed that 

* The points c, p and g evidently lie in tbe same straight 
Hue, since cb : ca : bf : ao, and the latter lines are parallef. 
Taking c as the common pole of the loci of the points r, e, the 
r.:(/t»5 vttior of the one will always be twice the correspond* 
ing radiva vector of the other ; and, therefore, these curves are 
similar, similarly placed and parallel. Hence, by the last note, 
the point c must move in a line, differing imperceptibly from a 
ri;rht line. 

t It is not necessary that tbe rods, forming the parallel mu- 
tion, should have the proportions which we hare assigned to 
them. There arc various proportions which answer tbe pur- 
pose, and which will be seen by reference to works on the steam- 
engine. 
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he was aware of none ; that the conception flashed 
upon his mind withoat previous investigation, and 
so as to excite in himself surprise at the perfection of 
its action ; and that in looking at it for the first time, 
he experienced all that pleasurable sense of novelty 
which arises from the first contemplation of the results 
of the invention of others. 

This and tlie other inventions of Watt seem to have 
been the pure creations of his genius, very little as- 
sisted by the results of practice. It does not even 
appear that he was a dexterous mechanic ; for he 
never assisted in the construction of the first models 
of his own inventions. His dwelling-house was two 
miles from the factory, to which he never went more 
than once in the week, and then did not stay half an 
hour. 

(6) However beautiful and ingenious in principle 
the parallel motion may be, it has recently been shown 
in the United States that much simpler means are suffi- 
cient to subserve the same purpose. In the engines 
constructed recently, under the direction of Mr. R. L. 
Stevens, a substitute for the parallel motion has been 
introduced that performs the task equally well, and is 
much less complex. On the head of the piston-rod a 
bar is fixed, at right angles to it, and to the longitudinal 
section of the engine. The ends of this bar work in 
guides formed of two parallel and vertical bars of 
iron, by which the upper end of the piston-rod is con- 
strained to move in a straight Une. The cross-bar that 
moves in the guides is connected with the end of the 
working beam by an inflexible bar, having a motion on 
two circular gudgeons,, one of which is in the workinj^ 
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beam, the other in the cross-bar. This is therefore free 
to accommodate itself to the changes in the respectiye . 
position of the piston-rod and working beam, and yet 
transmits the power exerted by the steam upon the 
former whether it be ascending or descending, to the 
latter, and through it to the other parts of the machine, 
(A. E.) 

(58.) A perfect method being obtained for con* 
veying the alternate motion of the piston to the work- 
ing beam, the use of the counterpoise to hit the piston 
was discontinued, and the beam was made to balance 
itself exactly on its centre. The next end to be ob- 
tained was to adapt the vibrating force of the working 
end of the beam to the motion of machinery. The 
motion most generally useful for this purpose is one 
of continued rotation. The object therefore, was by 
the alternate dreular motion of the end of the beam 
to produce a continued circular motion. In the first 
instance, Watt proposed effecting this by a cranky 
connected with the working end of the beam by a 
metal connector or rod. 

Let K be the centre or axis of the wheel which works 
the machinery, and to which rotation is to be imparted 
by the beam c u. On the axle k, suppose a lever k i 
fixed, so that when k i is turned round the centre k» 
the wheel must be turned with it. Let a connector or 
rod H I be attached to the points h and i, pla}ing 
freely on pivots or joints. As the end h is moved 
upwards and downwards, the lever k i is turned round 
the centre k, so as to give a continued rotary motion 
to the wheel which revolves on tli^t centre. The 
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different positioiifl which the connector and lever & i 
assume in the different parts of a revolution are repre* 
sentedinfig. 16. 

(59.) This was the first method which occurred to 
Watt for producing a ccmtinued rotatory motion hy 
means of the vibrating motion of the beam, and is the 
method now universfilly used. A workman, however, 
from Mr. Watt's factory, who was aware of the con- 
struction of a model of this, communicated the method 
to Mr. Washborough of Bristol, who anticipated 
Watt in taking out a patent, and although it was in 
his power to have disputed the patent, yet rather 
than be involved in htigation, he gave up the point, 
and contrived another way of producing the same 
effect, which he called the sun .and planet wheel, and 
which he used until the expiration of Wasliborough'd 
patent, when the crank was resumed. 

The toothed wheel b (fig. 17.) is fixed on the end of 
the connector, so that it does not turn on its axir. 
The teeth of this wheel work in those of another wheel 
A, which is the vvheel to which rotation is to be im- 
parted, and which is turned by the wheel b revolv* 
ing round it, urged by the rod h i, which receives its 
motion from the working-beam. The wheel a is called 
the sun-whee), and b the planet-wheel, from the ob- 
vious resemblance to the motion of these bodies. 

This contrivance, although in the main inferior to 
the more simple one of the crank, is not without somo 
peculiar advantages; among others, it gives to the 
sun-wheel double the velocity which would be com- 
municated by the simple cranky for in the simpW 

9 • 
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cnm^ one revolution only of the axle is pnoduoed ij 
one revolution of the crank, hut in the sun-and-planet 
wheel two revolutions of the sun-wheel are produced 
hy one of the planet-wheel ; thus a douhle velocity is 
obtained from the same motion of Uie beam. This 
will be evident from considering that when the planet 
wheel is in its highest position, its lowest tooth is 
engaged with the highest tooth of the sun-wheel, as 
the planet-wheel passes from the highest position, its 
teeth driving those of the sun-wheel before them ; 
when it comes into the lowest position, the highest 
tooth of the planet wheel is engaged with the lowest 
of the sun wheel : but then half of the sun<<wheel has 
rolled off the planet-wheel, and therefore, the tooth 
which was engaged with it in its highest position, 
must now be distant from it hy half the circumfer- 
ence of the wheel. A Uttle reflection, however, on 
the nature of the motion, will render this plainer than 
any description can. This advantage of giving an 
increased velocity, may be obtained also by the simple 
crank, by placing toothed wheels on its axle. Inde- 
peodently of the greater expense attending the con- 
struction of the sun-and-plan^t- wheel, its liabihty to 
go out oi order, and the rapid wear <^ the teeth and 
other objections, rendered it decidedly infeiior to the 
crank, which has now entirely superseded it. 

(60.) Whether the simple crank or the sun-and- 
planet wheel be used, there is a difficulty of a peculiar 
nature attending the continuance of the rotatory motion 
which is still to be overcome. There are two posi- 
tioiiB in which the engine oa^ give im motion what- 
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ever to the crank, and these are tv hen the end of the 
beaiiit the axle of the cr^mk, and the pivot whkh 
joins the connector with the crank, are in the same 
straight line. This wiU be easily understood. Sup- 
jiose the beam, connector, and crank to assume the 
position represented in fig. 15. If steam urge the 
pbton downwards, the point h and the connector n i 
wiU be drawn directlj upwards. But it must be very 
evident that in the present situation of the connector 
H 1,'^and the lever i k, the force which draws the point 
I in the direction ik can have no elFect whatever 
in turning i k round the centre k, but will merely exert 
a pressure on the axle or pivots of the wheel. 

Again, suppose the crank and connector to be in 
the position h i k (fig. 16.) the piston being conse* 
quently at the bottom of the cyhnder. If steam 
now press the piston upwards^ the jHVot h and the 
connector h i will be pressed dowjuwardsy and this 
pressure will urge the crank ik in the direction ik. 
It is evident that such a force cannot turn the crank 
round the centre k, and can be attended with no 
other effect than a pressure on the axle or pivots of 
the wheel, 

tfence in these two positions, the engine can have 
no efifect whatever in turning the crank. What then, 
it may be asked, extricates the machine from the me- 
chanical dilemma in which it is placed twice in 
every revolution, on arriving at those positions in 
which the crank escapes the influence of the power ? 
There is a tendency in bodies, when once put in no- 
tion, to continue that motion until stopped by Bome 
crppoeing force, and this teadeney oarriea the crank 
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out of those two critical situations. The relocitj 
which is given to it, while it is under the influence of 
the impelling force of the beam, is retained in a suffi- 
cient degree to carry it through that situation in 
which it is deserted by this impelling force. Al- 
though the rotatory motion intended to be produced 
by the crank is, therefore, not absolutely impeded by 
this circumstance, yet it is rendered extremely irre- 
gular since, in passing through the two positions al- 
ready described, where the machine loses its power 
over the crank, the motion will be very slow, and, in 
the positions of the crank most remote from these 
where the power of the beam upon it is greatest, the 
motion will be very quick. As the crank revolves 
from each of those positions where the power of the 
machine over it is greatest, to where that power is aK 
together lost, it is continually diminished, so that in 
fact the crank is driven by a varying power, and so 
produces a varying motion. This will be easily un- 
undcrstood by considering the successive positions of 
the crank and connector represented in fig. 10. 

This variable motion becomes particularly objec- 
tionable when the engine is employed to drive ma- 
chinerv. To remove this defect, tve have recourse to 
the property of bodies just mentioned, viz. their ten- 
dency to retain a motion which is communicated to 
them. A large metal wheel called a fly-wheel is placed 
upon the axis of the crank (fig. 15.) and is turned by 
it. The effect of this wheel is to equalize the motion 
communicated by the action of the beam on the 
crank, that action being just sufficient to sustain in 
the fly-wheel an uniform velocity, and the tendency 
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of this wheel to retain the velocity it receives, renders 
its rotation sufficiently uniform for all practical pur« 
poses. 

This uniformity of motion, however, will only be 
preserved on two conditions, firsts that the supply of 
steam from the boiler shall be uniform, and secondly 
that the machine have always the same resistance to 
overcome or be loaded equally. If the supply of 
steam from the boiler to the cylinder be increased, 
the motion of the piston will be rendered more rapid^ 
and, therefore, the revolution of the fly-wheel will also 
be more rapid, and on the other hand a diminished 
supply of steam will retard the fly-wheel. Again, if 
the resistance or load upon the engine be diminished, 
the supply of steam remaining the same, the velocity 
will be increased, since a less resistance is opposed to 
the energy of the moving power, and on the other 
hand if the resistance or load be increased, the speed 
will be diminished, since a greater resistance will be 
opposed to the same moving power. To insure an 
uniform velocity, in whatever manner the load or re- 
sistance may be changed, it is necessary to propor- 
tion the supply of steam to the resistance, so that 
upon the least variation in the velocity, the supply of 
steam will be increased or diminished, so as to keep 
the engine going at the same rate. . 

(61.) One of the most striking and elegant appen- 
dages of the steam-engine is the apparatus contrived 
by Watt for ejffecting this purpose. An apparatus, 
called a regulator or governor^ had been long well 
known to mill-wrigfats for rendering unifonn the action 
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of the stones in com mills, and was used generally in 
machinery. Mr. Watt contrived a beautiful appli- 
cation of this apparatus for the regulation of the 
steam-engine. In the pipe which conducts steam 
from the boiler to the cylinder he placed a thin cir- 
cular plate, so that when placed with its face pre- 
sented towards the length of the pipe, it nearly 
stopped it, and allowed little or no steam to pass to 
the cylinder, but when its edge was placed in the di- 
rection of the pipe, it offered no resistance whatever 
to the passage of the steam. This circular plate was 
made to turn on a diameter as an axis, passing con- 
sequently through the centre of the tiibe. This plate 
or valve, called the throttle valve, was turned by a 
lever outside the tube, and according to the position 
given to it, would permit more or less steam to pass: 
If the valve be placed with its edge nearly in the di- 
rection of the tube, the supply of steam is abundant ; 
if it be placed with its face nearly in the direction of 
the tube, the supply of steam is more limited, and it 
appears that by the position given to this valve, 
the steam may be measured in any quantity to the 
cylinder. 

At first it was proposed that the engine-man 
should adjust this valve with his hand ; when the 
engine was observed to increase its speed too much, 
he would check the supply of steam by partially 
closing the valve, but if on the other hand the motion 
was too slow, he would open the valve and let in a 
more abundant supply of steam. Watt, however, 
was not content with this, and desired to make the 
engine itself discharge this task with more fteadinets 
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and regularity than any attendant could, and for this 
purpose he applied the governor already alluded to. 

This apparatus is represented in fig. 15 ; ^ is a per- 
pendicular shaft or axle to which a wheel m with a 
groove is attached, and which turns with the shaft in 
pivots at the ends of the shaft l. A strap or rope 
which is rolled upon the axle of the fly-wheel is pass- 
ed round the groove in the wheel m, in the same man- 
ner as the strap acts in a turning lathe. By means 
of this strap the rotation of the iy-wheel will produce a 
rotation of the wheel m and the shaft l, and the speed 
of the one will always increase or diminish in the 
same proportion as the speed of the other, n, n 
are two heavy halls of metal placed at the ends of 
rods, which play on an axis fixed on the revolving 
shaft at o, and extend beyond the axis to q, q. 
Connected with these by joints at q q are two other 
rods Q R, which are attached to a broad ring of metal, 
moving freely up and down the revolving shaft. 
Tins ring is attached to a lever whose centre 
is 8, and is connected by a series of levers with 
the throttle-valve t. When .the speed of the fly- 
wheel is much increased, the spindle l is whirled 
round with considerable rapidity, and by their na- 
tural tendency* the balls n n fly from the centre. 
The levers which play on the axis o, by this motion, 
diverge from each other, and, thereby depress the 
joints Q a, and by this draw down the joints r, 
and with them the ring of metal which slides upon 
the spindle. By these means the end of the Jever 

■ ♦ The centr^fu^o! fartt. 
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playing on s is depressed, and the end t raised 
and tbe motion is transmitted to the throttle-Talye 
which is thereby partially closed, and the supply of 
steam to the cylinder checked. If, on the contrary, 
the Telocity of the fly-wheel be diminished, the balls 
will fall towards the axis, and the apposite effects 
ensuing, the supply of steam will be increased, and the 
velocity restored. 

The peculiar bean^ of this apparatus is, that in 
whatever position the balls settle themselves, the 
velocity with which the governor revolves must be 
the same;t and in this, in fact, consists its whole 
efficacy as a regulator. Let us suppose that the en- 
gine is working 100 looms, and that 50 of them are 
thrown out of gear. The engine is thus suddenly 

t Strictly speaking, thii ii only true fi^ben the divei|;enee of 
the rods from the spindle is not very ffreat, and in practice, 
this divergence is never sufficient to render the above asser- 
tion untrue. This property of the conical pendulum arises 
from the circumstance of the tentrlAijfal force. In this instance, 
varying as the radius of the circle in which the balls are 
moved; and when this is the ease, as is well known, the 
periodie Him is constant The time of one revolution of the 
balls is equal to twice the time in which either bait, as a com- 
mon pendulum, would vibrate on the centre, and as all its 
vibrations, though the arcs be unequal, are equal in time, 
provided those arcs be small, so also is the periodic time of 
the revolving balls invariable. These observations, however, 
only apply when the balls settle themselves steadily into a 
circular motion ; for while they are ascending they describe a 
a spiral curve with double curvature, and the period will vary. 
This takes plaee daring the momentary changes in the velocity of 
the engine. 
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relieved of half its load, and the supply of steam 
before employed, will now make it move with a con- 
siderably increased velocity. The balls will imme- 
diately fly from the axis and partially close thei 
throttle- valve, and diminish the supply of stecmi. 
When this is so fsur accomplished as to restore the 
engine to its former velocity, the balls will become 
steady, and continue to revolve at the increased dis- 
tance from the axis with the same velocity as they 
before revolved at the original distance. 

We have thus described the principal parts of the 
double-acting steam-engine. The valves and the 
methods of working them have been reserved for the 
next lecture, as they admit of considerable variety, 
and will be better treated of separately. We have 
also reserved the consideration of the boiler, which 
is far from being the least interesting part of the mo- 
dem steam-engine, for a future lecture. 
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LECTURE VII. 



On the Valves of the double-acting Steam-Engine — Origiiml 
Valves — Spindle Valves — Sliding Valve— D Valve— FouMray 
Cock. 



(62.) The various improvements described -in the 
last lecture were secured to Watt by patent in the 
year 1782. The engine now acquired an enlaiged 
sphere of action; for its dominion over manufactures 
was decided by the jly wheel, crank, and gavemfir. 
By means of these appendages, its motions were •le- 
gulatcd with the most delicate precision ; so that while 
it retained a power whose magnitude was almoet un- 
limited, that power was under as exact regulittipn as 
the motion of a time-piece. There is no species ,of 
manufacture, therefore, to which tliis machine is not 
appUcable, from the power which spins the -finest 
thread, or produces the most delicate web, to ti^ 
which is necessary to elevate the most enoiTikras 
weights, or overcome the most unhmited resistances. 
Although it be true, that m later times the steam- 
engine has received many improvements, some of 
which are very creditable to the invention and talents 
of their projectors, yet it is mideniably certain that 
all its great and leading perfections, all those qua- 



d9 

Uties by which it has produced such wonderful effects 
on the resources of these countries, by the extension 
of manufactures and commerce, — ^those quahties by 
which its influence is felt and acknowledged in every 
part of the civilized globe, in increasing the happiness, 
in multiplying the enjoyments, and cheapening the 
pleasures of life, — that these powers are due to the 
predominating powers of one man, and that man one 
who possessed neither the influence of wealth, rank, 
nor education, to give that first impetus which is 
so often necessary to cany into circulation the earlier 
productions of genius. 

The method of working the valves of the double- 
acting stefim-engifte is a subject which has much 
exercised the ingenuity of engineers, and many ele- 
gant contrivances have been suggested, some of which 
we shall now proceed to describe. But even in this 
the invention of Watt has anticipated his successoYS ^ 
and the contrivances suggested by him are those 
which are now almost universally used. 

In order perfectly to comprehend the action of the 
several systems of valves which we are about to de- 
scribe, it will be necessary distinctly to remember the 
manner in which the steam is to be communicated to 
the cyHnder, and withdrawn fit>m it. When the pis- 
ton is at the top of the cylinder, the steam below it 
is to be drawn off to the condenser, and the steam 
from the boiler is to be admitted above it. Again 
when it has arrived at the bottom of the cylinder, the 
steam above is to be drawn off to the oondensert and 
the steam from the boiler is to be admitted below it. 

In the earfier engines constructed by Watt, this was 
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effected by four valves, which were opened and closed 
in pairs. Valve boxes were placed at the top and 
bottom of the cylinder, each of- which communicated 
hj tubes with both the steam-pipe from the boiler 
and the condenser. Each valve-box accordingly con- 
tained two valves, one to admit steam from the steam- 
pipe to the cylinder, and the other to allow that 
steam to pass into the condenser. Thus each valve- 
box contained a steam valve and an exhausting valve. 
The valves at the top of the cyhnder are called the 
upper steam valve^ and the upper exhausting valve, and 
those at the bottom the lower steam valve and the 
lower exhausting valve. In fig. 15. a' is the upper 
steam valve, which whien open admits steam above the 
piston ; b' is the upper exhausting valve, which when 
open draws off the steam from the piston to the con- 
denser, cf is the lower steam valve, which admits 
steam below the piston, and d' the lower exhausting 
valve, which draws off the steam from below the pis-« 
ton to the condenser. 

Now suppose the piston to be at the top of the 
cylinder, the cylinder below it being filled with steam, 
which has just pressed it up. Let the uj^r steam 
valve a' and the lower exhausting vMlve jy be opened, 
and the other two valves closed. The steam which fills 
the cylinder below the piston will inunediately pass 
through the valve d' into the condenser, and a vacuum 
will be produced below the piston. At the same 
time, steam is admitted from the steam-pipe through 
the valve a' above the piston, and its pressure will 
force the piston to the bottom of the cylinder. On 
the arrival of the piston fit the bottmn of the cylinder. 
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the upper steam valve a', and lower exhausting valve 
d', are closed, and the lower steam valve d and upper 
exhausting valve b' are opened. The steam which 
fills the cylinder above the piston now passes off 
through b' into the condenser, and leaves a vacuum 
above the piston. At the same time, steam from the 
boiler is admitted through the lower steam valve C, 
below the piston, so that it will press the piston to 
the top of ^e cylinder : and so the process is con- 
tinued. 

It appears, therefore, that the upper steam valve, and 
the lower exhausting valve, are to be opened together, 
on the arrival of the piston at the top of the cylinder. 
To effect this, one lever e' is made to communicate by 
jointed rods with both these valves, and this lever is 
moved by a pin placed on the piston rod of the air- 
pump ; and such a position may be given to this pin 
as to produce the desired effect exactly at the proper 
moment of time. In like manner another lever F' 
commimicates by jointed rods with the upper ex- 
hausting valve and lower steam valve, so as to open 
them and close them together ; and this lever in like 
manner is worked by a pin in the piston-rod of the 
air pump. 

(63.) This method of connecting the valves, and 
working them, has been superseded by another, for 
which Mr. Murray of Leeds obtained a patent, 
which was, however, set aside by Messrs. Bolton and 
Watt, who showed that they had previously practised 
it. This method is represented in fig. 18, 19. The 
steaots of the valves are peroendicidar, and move in 
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steam-tight sockets in the top of the ralye-boxes. 
The stem of the upper steam valve a is a tube through 
which the stem of the upper exhausting valve b 
passes, and in which it moves steam-tight; both 
these stems moving steam-tight through the top of 
the valve-box. The lower steam valve c^ and ex- 
hausting valve D, are similarly circumstanced; the 
stem of the former being a tube throu^ which the 
stem of the latter passes. The stems of the upper 
steam valve and lower exhausting valve are then con- 
nected by a rod e ; and those of the upper exhausting 
valve and lower steam valve by another rod f. These 
rods, theref(»%, are capable of moving the valves in 
pairs, when elevated and depressed. The motion 
which works the valves is, however, not communicated 
by the rod of the air-pump, but is received from the 
axis of the fly wheel. This axis works an apparatus 
called OH eccentric; the principle which regulates the 
motion of this may be thus explained ; 

D E (fig. 20, 21.) is a circular metallic ring, the 
inner surface of which is perfectly smooth. This 
ring is connected with a shaft f b, which communi- 
cates motion to the valves by levers which are at- 
tached to it at B. A circular metallic plate is fitted 
in the ring so as to be capable of turning within it, 
the surfaces of the ring and plate which are in contact 
being smooth and lubricated with oil or grease. This 
circular plate revolves, but not on its centre. It turns 
on its axis c, at some distance from its centre a ; the 
effect of which, evidently, is that the ring within 
which it is turned is moved alternately in opposite 
directions, f and ' through a space equal to tvrice the 



108 

distance ^c a) of the axLs of the circular plate from the 
common centre of it and the ring. The eccentric in 
its two extreme positions is represented in fig. 20, 21. 
The plate and ring o b are placed on the axis of the fij- 
wheelfOron the axis-of some odier wheel which is worked 
by the fly-wheel. So that the motion of continued rota- 
tion in the flj-wheel is thus made to produce an alternate 
motion in a straight line in the shaft f b. This rod is 
made to communicate bj levers with the rods e and f 
(fig. 18, 19,) which work the valves in such a manner, 
that when the eccentric is in the position fig. 20. one 
pair of valves are opened and the other pair closed ; and 
when it is brought to the position fig. 21. the other pair 
are opened, and the former closed, and so on. It is hy 
means of such an apparatus as this, that the valves 
are worked almost universally at present. 

The piston being supposed to be at the top of the 
cylinder (fig. 18.) and the rod e raised, the valves a 
and D are opened, and b and c closed. The steam 
enters from the steam-pipe at ail aperture immediately 
above the valve a, and passing through the open 
valve, enters the cylinder above the piston. At the 
same time, the steam which is below the piston, and 
which has just pressed it up, flows through the open 
valve p, and through a tube immediately under it to 
the condenser. A vacuum being thus produced below 
the piston, and steam pressure acting above it, it 
descends, and when it arrives at the bottom of the 
cylinder (fig. 19.) the rod e is permitted to fall, and 
the valves a and d fall into their seats, and at the 
same time the rod f is raised, and the valves b and 
c are opened, Steam now is admitted through an 
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aperture above the valve c, and passes below the pis- 
ton, while the steam above it passes through the open 
valve B into a tube immediately under it, which leads 
to the condenser. A vacuum being thus produced 
above the piston, and steam pressure acting below it, 
the piston ascends, and thus the alternate ascent and 
descent is continued by the motion communicated to 
the rods e p from the fly-wheel. 

(c) An improvement has been made in the United 
States in the mode of working the puppet valve. It 
consists in placing them by pairs in two different rer- 
tical planes instead of one. The rods then work 
through four separate stuffing boxes, and the neceaaity 
of making two of them hollow cylinders is avoided. 

(A. E.) , ;.' 

(64.) There are various other contrivances for regur 
lating the circulation of steam through the cylinder. 
In flg. 22, 23, is represented a section of a slide vahre 
suggested by Mr. Murray of Leeds. The steam* 
pipe from the boiler enters the valve-box n e at 8. 
Curved passages a a, b b, communicate between this 
valve-box and the top and bottom of the cylinder ; 
and a fourth passage leads to the tube c, which passes 
to the condenser. A sliding piece within the valve- 
box opens a communication alternately between each 
end of the cylinder, and the tube c which leads to 
the condenser. In the position of the apparatus in 
fig. 22. steam is passing from the steam-pipe s« through 
the curved passage a a above the piston, and at the 
same time the steam below the piston is passing through 
the passage b b into the tube c, and thence to the 
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condenser. A vacuum is thus fonned below the pis- 
ton, and steam is introduced above it. The piston, 
tlierefore, descends ; and when it arrives at the bot- 
tom of the .cylinder, the shde is moved into the posi- 
tion represented in fig. 23._ Steam now passes from 
s through B B below the piston, and the steam 
above it passes through a a and oto the condenser, 
A vacuum is thus produced above the piston, and 
steam pressure is introduced below it, and the piston 
ascends ; and in this way the motion is continued. 

The slide is moved by a lever which is worked by 
the eccentric from the fly-wheel, 

(65.) Watt suggested a method of regulating the 
circulation of steam, which is called the d valve, 
from the resemblance which the horizontal section 
of the valve has to the letter n. This method, which 
is very generally used, is represented in section in 
fig. 24. 25. Steam from the boiler enters through s. 
A rod of metal connects two solid plugs a b, which 
move steam-tight, in the passage d In the position 
of the apparatus represented in fig. 24. the steam 
passes from s through the passage d, and enters 
the cylinder above the piston, while the steam below 
the piston passes through the open pass£ige by the 
tube c to the condenser. A vacuum is thus formed 
IhjIow the piston, while the pressure of steam is in- 
troduced above it, and it accordingly descends, When 
it has arrived at the bottom of the cylinder, the plugs 
A B are moved into the position in fig. 25. Steam 
now passing from s through d, enters the cylinder 
below the piston ; wfaO^ the steam which is abov^ 
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the piston, and has just pressed it down, passes 
through the open passage into the condenser. A va- 
cuum is thus produced ahove the piston, and the 
steam pressure below forces it up. When it has 
arrived at the top of the cylinder, the position of the 
plugs A B is again changed to that represented in 
fig. 24. and a similar effect to that already described 
is produced, aiid the piston is pressed down and so 
the process is continued. 

The plugs A B, and the rod which connects them, 
are moved up and down by proper levers, which re- 
ceive their motion from the eccentric. 

This contrivance is frequently modified, particularly 
in cases where the engine is not of very great power, 
by conducting the steam firom above the piston to the 
condenser, through a tube in the plugs a b and their 
connecting rod. In fig 26. 27. a tube passes through 
the plugs A B and the rod which joins them. In the 
position fig. 26. steam entering at s, passes through 
the tube to the cylinder above the piston, while the 
steam below the piston passes through c into the 
condenser. A vacuum being thus made below the 
piston, and steam pressing above it, it descends ; and 
when it has arrived at the bottom of the cylinder, the 
position of the plugs a b and tube is chsuiged to that 
represented in fig. 27. The steam now entering at s 
passes to the cylinder below the piston, while the 
iteam above the piston passes through c into the 
condenser. A vacuum is thus produced above, the 
piston, and steam pressure introduced below it, so 
that it ascends. Wlieii it has arrived at the top of 
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represented in fig. 26. and similar effects being pro- 
duced, the piston again descends ; and so the motion 
is continued. 

The motion of the sliding tube may be effected 
Jike the former contrivances, by the action of the 
eccentric. It is also sometimes done by a bracket 
fastened on the piston-rod. This bracket, in the de- 
scent of the piston, strikes a projection on the valve- 
rod, and drives it down, and. in the ascent meets a 
similar projection,^ and raises it. 

(66.) Another method, worthy of notfce for its ele- 
gance and simplicity, is the four^way cock, A section 
of this contrivance is given in fig. 28. 29. c t s b are 
four passages or tubes ; s leads front the boUer, and 
introduces steam ; c, opposite to ^ it, leads to the con- 
denser ; T is a tube which comhiunicates with the top 
of the cy Under ; and b one which communicates with 
the bottom of the cylinder. These four tubes com- 
municate with a cock which is furnished with two 
curved passages, as represented in the figures ; and 
these passages are so formed, that according to the 
position given to the cock, they may be made to open 
a communication between any two adjacent tubes of 
the four just mentioned. When the cock is placed 
as in fig. 28. communication is opened between the 
steam-pipe and the top of the cylinder by one of the 
curved passages, and between the condenser and the 
bottom of the cylinder by the other curved passage. 
In this case &e steam passes from below the piston 
to the eottdenMr,. leaving a 'w^t^xxaii tinder it, and 
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«team is introduced from the boiler above the piston. 
The piston therefore descends ; and when it has ar- 
rived at the bottom of the cyhnder, the position of 
the cock is changed to that represented in fig. 29. 
This change is made by turning the cock through one 
fourth of an entire revolution, which may be done by 
a lever moved by the eccentric, or by various other 
means. One of the curved passages in the cock now 
opens a communication between the steam-pipe and 
the bottom of the cylinder ; while the other opens a 
communication between the condeaser and the top of 
the cylinder. By these means, the steam £ix)m the 
boiler is introduced below the piston, while the steam 
above the piston is drawn off to the condenser. A 
vacuum being thus made above the piston euid steam 
introduced below it, it ascends ; and when it has ar- 
rived at the top of the cylinder, the cock being moved 
back, it resumes the position in fig. 28. and the same 
consequences ensue, the piston descends, and so the 
process is continued. In fig. 30. 31. the four-way 
cock with the passages to the top and bottom of the 
cylinder is represented on a larger scale. 

This beautiful contrivance is not of late invention. 
It was used by Papin and is also described by Leu- 
pold in his Theatrum Machinarum, a work published 
about the year 1720, in which an engine is described 
acting with steam of high pressure, on a principle 
which we shall describe in a subsequent lecture. 

The four-way cock is Uable to some practical ob- 
jections. The quantity of steam which fills the tubes 
between the cock and the cylinder, is wasted every 
stroke. This objection, bowerer, also applies to the 
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sliding valve (fig. 23. 23.) and to the sliding tube 
or D valves (fig. .24. 25. 26. 27.) In fact, it is appli- 
cable to. every contrivance in which means of shutting 
off the steam are not placed at both top and bottom 
of the cylinder. Besides this, however, the various 
passages and tubes cannot be conveniently made 
large enough to supply steam in sufficient abund- 
ance, and consequently it becomes necessary to pro- 
duce steam in the boiler of a more than ordinary 
strength to bear the attenuation which it suffers in 
its passage through so many narrow tubes. 

One of the greatest objections, however, to the use 
of the four- way cock, particularly in large engines, is 
its unequal wear. The parts of it near thie passages 
having sinaller surfaces, become more affected by the 
friction, and in a short time the steam leaks between 
the cock and its case^ and becomes wasted and tends 
to vitiate the vacuuip. These cocks are, therefore, 
seldom used, except in small condensing engines; 
but are almost universally adopted in high-pressure 
steam-engines; for in these the leakage is not of 
so much consequence, as will appear hereafter. 
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LECTURE VIII. 



The Boiler and its Appendages — Lerel Gauges — Feeding Appa- 
ratus — Steam Gauge — Barometer Gauge — Safety ValYcs — Sclf- 
regulating Damper — Edelcrantz's Valve — Furnace — Smoke- con- 
suming Furnace— Brunton's Self-regulating Furnace— Oldham's 
Modification. 



(67.) The regular action of a steam-engine, as well 
as the economy of ftiel, depends in a great degree on 
the construction of the boiler or apparatus for gene- 
rating the steam. The boiler may be conceived as a 
great magazine of steam for the use of the engine; 
and cai'e must be taken not only that a sufficient 
quantity be always ready for the supply of the ma- 
chine, but also that it shall be of the proper quahty, 
that is, that its pressure shall not exceed that which is 
required, nor fall short of it. Precautions should be, 
therefore, taken, that the production of steam should 
be exactly proportioned to the work to be done, and 
that the steam so produced shall be admitted to the 
cylinder in the same proportion. 

To accomplish this, various contrivances, eminently 
remarkable. for their ingenuity, have been resorted to» 
and which we shall now proceed to describe. 
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(d) The best shape that can be given to a boiler 
when it is to bear any considerable pressure of steam, 
and this is frequently the case even in the condensing 
engine when applied to the steam-^boats, is a cylinder ; 
this being equally strong in every point of its section, 
will bear a greater strain than any other form. (A. £.) 

(68.) Diflferent methods have been, from time to 
time, suggested for indicating the level of the water 
in the boiler. We have already mentioned, the two 
guage-pipes used in tjie earUer steam-engines {25;) 
and which are still in many cases continued. There 
are,, however, some pther methods which merit our 
attention. . 

A weight p (fig. 32.) half immersed in the water 
in the boiler, is supported by a wire, which, passing 
steam-tight through a small hole in the top, is con- 
nected by a flexible string or chain passing over a 
whe^l w,. with a counterpoise a, which is just able to 
balance^ f, when hcdf immersed. If p be raised above 
the water, a, being lighter, will no longer balance it, 
and F will descend, pulling up a, and turning the 
wheel w. If, on the other hand, f be plunged deeper 
in the water, a will more than balance it, and will 
pull it up. So that the only position in which f and 
A will balance each other is when F-is half immersed. 
The wheel w is so adjusted, that when two pins, 
placed on its rim, are in the horizontal position, as 
in fig. 32. the water is at its proper level. Conse- 
quently it follows, that if the water rises above this 
level, the weight p is lifted, and a falls, so that the 
pms p p' come into ^ position in ^. 33. If, on ^e 
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other hand, the level of the water falb,F falls and a 
rises, so that the pins p p' assume the position in 
fig. 34. Thus, in general, the position of the pii^i 
p p' becomes an indication of the quantity of water in 
the boiler. 

Another method is to place a glass tube (fig. 35.) 
with one end t entering the boiler above the proper 
level, and the other end t' entering it below the 
proper level. It must be evident that the water in 
this tube will always stand at the same level as the 
water in the boiler; since the lower part has a free 
communication with that water, while the surface is 
submitted to the pressure of the same steam as the 
water in the boiler. This, and the last-mentioned 
gauge have the advantage of addressing the eye of 
the engineer at once, without any adjustment, where- 
as the gauge cocks (2S) must be both opened, when* 
ever the depth is to be ascertcdned. 

These gauges, however, require the frequent atten- 
tion of the engine man ; asid it becomes desirable either 
to find some more effectual means of awakening that 
attention, or to render the supply of the boiler, inde- 
pendent of any attenticm. In order to enforce the 
attention of the engine man, to replenish the boiler 
when partially exhausted by evaporation, a tube was 
sometimes inserted at the lowest level to which it was 
intended that the water should be permitted to fall. 
This tube was conducted firom the boiler into the 
engine-house, where it terminated in a mouth-piece 
or whistle, so that whenever the water fell below the 
level at which this tube was inserted in the boiler, 
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the steam woold rush through it, and issuing with 
great velocity at the mouth-piece, would summon the 
engineer to his' dutj with a call that would rouse him 
even from sleep. . 

(69.) In the most ejQfectual of these methods, the 
task of replenishing the boiler should still be exe- 
cuted by the engineer; and the; utmost that the 
boiler itself was made to do, was to give due notice 
of the necessity for the supply of water. The con- 
sequence was, among other inconveniences, that the 
level of the water was subject to constant variation. 

To remedy this, a method has been invented by 
which the en^ne is made to feed its own boiler. The 
pipe g' (fig. 15.). which leads from the hot water 
pump h', terminates in a small cistern c (fig. 36.) in 
which the water is received. In the bottom of this 
cistern a valve v is placed, which opens upwards, and 
communicates with a feed-pipe, which descends into 
the boiler below the level of the water in it. The stem 
of the valve v^ is connected with a lever turning on 
the centre d, and loaded with a weight p dipped in 
the water in the boiler in a manner similar to that 
described in fig. 32. and balanced by a counterpoise 
A in exactly the same way. When the level of the 
water in the boiler falls, the float f falls with it, and 
pulling down the arm e, of the lever, raises the valve 
V, and let the water descend into the boiler from the 
cistern c. When the boiler has thus been replenished, 
and the level raised to its former place, f will again be 
raised, and the valve v closed by the weight a. In prac- 
tice, however, theL valve v adjusts itsdf by means of 
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the effect of the water on the weight p, so as to permif 
the water from the feeding cistern c to flow in a oonti-' 
uued stream, just sufficient in quantity to supplj the 
consumption from evaporation, and to maintain the 
level of the water in the hoiler constantly the same^ 

By this singularly felicitous arrangement, the boiler 
is made to replenish itself, or, more properly speak- 
ing, it is made to receive such a supply as that it 
never wants replenishing, an effect which no effort 
of attention on the part of an engine-man eould pro- 
duce. But this is not the only good effect prodaoed 
by this contrivance. A part of the steam whicli ori- 
ginally left the boiler, and having discharged its duty 
in moving the piston, was condensed and reconverted 
into water, and lodged by the air-pump in the hot- 
well (47,) is here again restored to the source from 
which it came, bringing back all the unconsumed 
portion of its heat preparatory to being once more put 
in circulation through the machine. 

The entire quantity of hot water pumped into the 
cistern c is not always required for the boiler. A 
waste-pipe may be provided for carrying off the sur- 
plus, which may be turned to any purpose for which 
it may be required ; or it may be discharged into a 
cistern to cool, preparatoiy to being restored to the 
cold cistern (fig. 12.) in case water for the supply of 
that cistern be not sufficiently abundant. 

In cities and places in which it becomes an object 
to prevent the waste of water, the waste-pipes, pro- 
ceeding from the feed-cistern c (fig. 36,) and from the 
cold cistern containing the condenser and air-pumpt 
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majr be condu<^ to a cistem a b (fig. 37«) Let o 
be the pipe fircun the feeding cistern, and d that 
from the cold duBtern; by these pipes die waste 
water from both these cisterns is deposited in 
▲ B. In the bottom of a b is a ral^e t, opening 
upwards, connected with a float f. When &e quan- 
tity of water collected in the cistern a b is such, 
Aat the level rises considerably^ the float p is raised, 
and lifts the valye r, and die water flows into the 
main-pipe, which supplies water for working the en- 
gine. G is the cold water-pump for the supply of the 
cold cistern. 

This arrangement for saving the water discharged 
from the feeding and condensing cisterns has been 
adopted in the printing oflice of the Bank of Ireland, 
and a very considerable waste of water is thereby 
prevented. 

(70.) It is necessary to have a ready method of 
ascertaining at cdl times the strength t)f the steam 
which is used in working the engine. For this pur- 
purpose a bent tube containing mercury is inserted into 
some part of the apparatus which has free communi- 
cation with the steam. It is usually inserted in the 
jacket of the cylinder (44.) Let -a b g (fig. 38.) be 
such a tube. The pressure of the steam forces the 
mercury down in the leg a b, and up in the leg b c. 
If the mercury in both legs be at exactly the same 
level, the pressure of the steam must be exactly equal 
to that of the atmosphere ; because the steam pressure 
on the mercury in a p balances the atmospheric pres- 
sure on the mercury in b c. If, however, the level of 
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the mercury in b c be above the level of the mer- 
cury in B A, the pressure of the steam ^wili exceed 
that of the atmosphere. The excess of its prossare 
above that of the atmosphere may be found by oIh 
serving the difference of the levels of the mercury in 
the tubes b c and b a ; allowing a pressure of one 
pound on each square inch for every two inches in the 
difference of the levels. 

If, on the contrary, the level of the mercury in b c 
should fall below its level in a b, the atmospheric 
pressure will exceed that of the steam, and the ' de- 
gree or quantity of the excess may be ascertained ex- 
actly in the same way. 

If the tube be glass, the difference of levelB of the 
mercury would be visible ; but it is most comnumW 
made of iron ; and in order to ascertain the level, a 
thill wooden rod with a float, is inserted in the open 
end of B c ; so that the portion of the stick within 
the tube indicates the distance of the level of the 
mercury from its mouth. A bulb or cistern of meir* 
cury might be substituted for the leg a b, as in the 
common barometer. This instrument is caUed- the 
steam-gavge. 

If the steam-gauge be used as a measure of the 
strength of the steam which presses on the piston, it 
ought to be on the same side of the throttle valre 
(which is regulated by the governor) as the cylinder; 
for if it were on the same side of the throttle-valve 
with the boiler, it would not be affected by the 
changes which the steam may undergo in passing 
through the throttle valve, when partially closed by 
the agency of the governor. (61) 
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(71.) The force with which the piston is pressed 
depends on two things : 1^, the actual strength of the 
steam which presses on it; and 3^, on the actual 
strength of the vapour which resists it. For^ al- 
though the vacuum produced by the method of sepa- 
rate condensation be much more perfect than what 
had been produced in the atmospheric engines, yet 
still somfs vapour pf a unall degree of elasticity is 
f(Mlnd to; arise f]t>m the hot water in the bottom of 
the condenser, before it can be extracted by the air- 
pump. One of these pressures is indicated by the 
steam-gauge already described; but still, before we 
can estimate the force with which the piston de- 
scends, it is necessary to ascertain the force of the 
vapour which remains unoondensed, and resists the 
motion of the piston. Another gauge, called the 
barometer-gauge, is provided for this purpose. A 
glass tube a b (fig. 39.) more than thirty inches long, 
and open at both ends, is placed in an upright or 
vertical position, having the lower end b immersed in 
a cistern of mercury, c. To the upper end is attached 
a metal tube, which communicates with the con- 
denser, in which a constant vacuum or, rather, high 
degree of rarefaction is sustained. The same vacuum 
must, therefore^ exist in the tube a b, above the level 
of the mercury ; and the atmospheric pressure on the 
surface, of the mercury in the cistern c wiU force the 
mercury tip in the tube a b, until the column which 
is suspended in it is equcd to the difference between 
the atmospheric pressure, and the pressure of the 
unoondensed steam. (6) The difference between the 
column of « mercury sustained in this instrument and 
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f in the common barometer, will determine the strength 
of the uncondensed steam, allowing a force propor- 
tional to one pound per square inch for every two 
inches of mercury in the difference of the two co- 
lumns. (6) In a well-constructed engine, which is 
in good order, there is very little difference between 
the altitude in the barometer gauge and' Uie cpmmon 
barometer. 

To compute the force ' with which the pistoji de- 
scends, thus becomes a very simple arithmetical pro- 
cess. First ascertain the difference of the levels of 
the mercury in the steam-gauge. This gives the ex- 
cess of the steam pressure above the atmospheric 
pressure. Then find the height of the mercury in 
the barometer guage. This gives the excess of the atmo- 
spheric pressure above the uncondensed steam.; Hence, 
if these two heights be added together, we shall ob- 
tain the excess of the impelling force of the steam 
from the boiler on the one side of the piston above 
the resistance of the uncondensed steam on the other 
side. This will give the effective impelling force. 
Now, if one pound be allowed for every two inches of 
mercury in the two columns just nientioned, we shall 
have the number of pounds of impelling pressure on 
every square inch of the piBton. Then if the num- 
ber of square inches in the section of the piston be 
found (p. 44, note,) and multiplied by the number of 
pounds on each square inch, the whole effective force 
with which it moves will be obtained. 

In the computation of the power (^ the engine, 
however, all this force, thus computed, is not to be 
fallowed as the effective working power, .For it re-» 
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quires s<nn6 forces and bj no means an inconside* 
rable portion, to move the engine itself, eren when 
unloaded ; all this, therefcwe, which is spent in over* 
coming friction, &c. is to be left out of account, and 
only the balance set down as the effec^re working 
power. 

From what we have stated, it appears that in order 
to estimate the effective force with ^hich the piston 
is urged, it is necessary to refer to both the barometer 
and the steam gailge. This double computation may 
be obviated by making one gauge serve both purposes. 
If the end c of the steam gauge (fig. 38,) instead of 
communicating with the atmosphere, were continued 
to the condenser, we should have the pressure of the 
steam acting upon the mercury in the tube b a, and 
•the pressure of the uncondensed vapour which resists 
the piston acting on the mercuiy in the tube b c. 
Hence the difference of the levels of the mercuiy in 
the tubes will at once indicate the difference between 
the force of the steam and that of the uncondensed 
vapour, which is the effective force with which the 
piston is iu'ged. 

(71.) To secure the boiler from accidents arising 
from the steam becoming, too strong, a safety valve 
is used, similar to those described in Papin's steam- 
en^ne (40,) loaded with a weight equal to the 
strength which the steam is intended to have above 
the atmospheric pressiu*e ; for it is found expedient, 
even in condensing engines, to use the steam of a 
pressure somewhat above that of the atmosphere. 

Besides . this valve^ another of the very oppositf 
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kind is sometimeB used. Upon stopping the engine, 
and extinguishing the fire, it is found that the steam, 
condensed within the boiler, produces a vacuum ; so 
that the atmosphere, pressing on the external surface 
of the boiler, has a tendency to crush it. ^ To prevent 
this, a safety valve is provided, which opens inwards, 
and which being forced open by the atmospheric 
pressure when a vacuum is produced within, the air 
rushes in, and a balance is obtained between the pres- 
sures within and without. 

(72.) We have already explained the manner in 
which the governor regulates the supply of steam 
from the boiler to the cylinder, proportioning the 
quantity to the work to be done, and thereby sustaining 
an uniform motion. Since, then, the consumption of 
steam in the engine is subject to variation, owing to 
the various quantities of work it may have to perform, 
it is evident that the production of steam in the boiler 
should be subject to a proportional variation. For, 
otherwise, one of two effects would ensue : the boiler 
would either fail to supply the engine with steam, or 
steam would accumulate in the boiler, from being 
produced in too great abundance, and would escape 
at the safety-valve, and thus be wasted. In .order, 
to vary the production of steam in proportion to 
the demands of the engine, it is necessary to in- 
crease or mitigate the fiimace, as production is to 
be augmented or diminished. To effect this by 
any attention on the part of the engine-man would 
be impossible ; but a most ingenious method has 
1)een contrived, of making the boiler regulate itself in 
those respects. Let t (fig. 40) be a tube inserted 
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in the top of thQ boiler, and descending nearly to the 
bottom. The pressure of the steam on the surface of 
the water in the boiler forces water up in the tube 
T, until the difference of the levels is equal to 
the difference between the pressure of steam in the 
boiler and that of the atmosphere. A weight p, half 
immersed in the water in the tube, is suspended by 
a chain which passes over the wheels p p', and is ba- 
lanced by a metal plate d, in the same manner as the 
float in fig. 32. is balanced by the weight a. The 
plate D passes through the mouth of the flue e, as it 
issues finally from the boiler ; so that when the plate 
D falls, it stops the flue, and thereby suspends the 
draught of air through the furnace, mitigates the 
fire, and diminishes the production of steam. If, on 
the contrary, the plate d be drawn up, the draught is 
increased, the fire rendered more effective, and the 
production of steam in the boiler stimulated. Now 
suppose that the boiler is producing steam faster than 
the engine consumes it, either because the load on 
the engine has been diminished, and therefore its 
consumption of steam proportionally diminished, or 
because the fire has become too intense. The conse- 
quence is, that the steam beginning to accumulate, 
will press upon the surface of the "water in the boiler 
with increased force, and the water will rise in the 
tube T. The weight f will therefore be lifted, and 
the plate d will descend, stop- the draught, mitigate 
the fire, and cliieck the production of steam ; and it 
will continue ao to do, until the production of steam 
becomes exactly equal to the demandi of tibe engine* 

13 
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If, on the other hand, the production of steam be 
not equal to the wants of the machine, either be- 
cause of the increased load, or the insufficiency of 
the fire, the steam in the boiler losing its elasticity, 
the surface of the water rises, not sustaining a pres- 
sure sufficient to keep it at its wonted level. There- 
fore, the surface in the tube t falls, and the weight 
F falls, and the plate d rises. The draught is thus 
increased, by opening the flue, and the fire rendered 
more intense ; and thus the production of steam is 
stimulated, until it is sufficiently rapid for the pur- 
poses of the engine. This apparatus is called the 
self -acting damper, 

(73.) It has been proposed to connect this damper 
with a safety-valve invented by the Chevalier Edel- 
crantz. A small brass cylinder is fixed to the boiler, 
and is fitted with a piston which moves in it, without 
much friction, and nearly steam-tight. The cylinder 
is closed at top, having a hole through which the 
piston-rod plays ; so that the piston is thus prevented 
from being blown out of the cylinder by the steam. 
The side of the cylinder is pierced with small holes 
opening into the air, and placed at short distances 
above each other.. Let the piston be loaded with a 
weight proportional to the pressure of the steam in- 
tended to be produced. When the steam Uas acquired 
a sufficient elasticity, the piston will, be lifted, and 
steam will escape through the first hole. If the pro- 
duction of steam be not too rapid and that its pres- 
sure be not increasing, the piston will remain sus- 
pended in this manner ; but if it increase, the piston 
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will be raised above the second hole, and it will con<* 
tinue to rise tintil the escape of thie steam through 
the holes is sufficient to reiider the weight of the pis- 
ton a counterpoise for the steam. This safety-valve 
is particularly well adapted to cases where steam of 
an exactly uniform. pressure is required; for the pres- 
sure must necessarily be always equal to the weight 
on the piston. Thus, suppose the section of the 
piston be equal to a square inch ; if it be loaded 
with lOlbi^. i^cluding its own weight, the steam which 
will sustain it in any position in the cylinder, whether 
near the bottom or top, must always be exactly equal 
in pressure to lOlbs. per inch. In this respect it re- 
sembles the quality already explained in the governor, 
and renders the pressure of the steam uniform, exactly . 
in the same manner as the governor renders the ve- 
locity of the engine uniform. 

(74.) Th^ economy of fuel depends, in a great de- 
gree on the construction of the furnace, independ- 
ently of the effects of the arrangements we have 
already described. 

The grate or fire-place of an ordinary furnace is 
placed under the boiler; and the atmospheric air 
passing through the ignited fuel, supplies sufficient 
oxygen to support a large volume of flame, which is 
carried by the draught into a flue -which circulates 
twice or oftener round the boiler, and in immediate 
contact witli it, and finally issues into the chimney. 
Through this flue the flame ^jrculates, so as to act on 
every part of the boiler near which the flue passes ; 
and it is not unti) it passes into the chimney, and fre 



124 

quently not until it leaves the chimney that it ceases 
tQ exist in the state of flame. 

The dense black smoke which is observed to issue 
from the chimneys of furnaces is formed of a quan- 
tity of unconsumed fuel, and may be therefore con- 
sidered as so much fuel wasted. Besides this, in 
large manufacturing towns, where a great number of 
furnaces are employed, it is found that the quantity 
of smoke which thus becomes diffused* through the 
atmosphere renders it pernicious to the hecdth, and 
destructive to the comforts of the inhabitants. 

These circumstances have directed the attention of 
engineers to the discovery of means whereby this 
smoke or wasted fuel may be consumed for the use of 
the engine itself, or for whatever use the furnace 
may be applied to. The most usual method of ac- 
complishing this, is by arranging matters so that fuel 
in a state of high combustion, and, therefore, pro- 
ducing no smoke, shall be always kept on that part 
of the grate which is nearest to the mouth of the 
nue (and which we shall call the back; by this 
means the smoke which arises from the ^imperfectly 
ignited fuel which is nearer to the front of the grate, 
must pass over the surface of the red fud, before it 
enters the flue, and is thereby ignited, and passes in 
a state of flame into the flue. A pastage called the 
feeding-mouth leads to the front of the grate, and both 
this passage and the grate are generally inclined at 
a small angle to the horizon, in order to facilitate the 
advance of the fuel acccjrding as its oombustioa pro- 
oeeds. 

When fresh fuel for feeding the kMler if first in^^ 
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troduced, it is merely laid in the feeding-mouth. 
Here it is exposed to the action of a part of. the heat 
of the burning fuel, on the grate, and undergoes, in 
som^ degree, the process of coking. The door of the 
feeding-mouth is furnished with small apertures for 
the admission of a stream of air, which carries the 
smoke, erolved by the coking of the fresh fuel over 
the burning fuel on the grate, by which this smoke is 
ignited, and becomes flame, and in this state enters 
the flue, and circidates round the boiler. When the 
furnace is to be fed, the door of the feeding mouth is 
opened, and the fuel which had been laid in it, and 
partially coked, is forced upon the front part of the 
^ate. At flrst, its combustion being imperfect, but 
proceeding rapidly, a dense black smoke arises from 
it. The current of air from the open door through 
the feeding mouth, carries this over the vividly burn- 
ing fuel, in the back part of ther^ate, by which the 
smoke being ignited, passes in a state of flame into 
the flue. When the furnace again requires feeding, 
every part of this fuel will be in a state of active com- 
bustion, and it is forced to the back part of the grate 
next the flue, preparatory tpjjie introduction of more 
fuel from the feeding mouth. 

The apertures in the door of the feeding-mouth 
are furnished with covers, so that the quantity of air 
admitted through them can be regulated, by the 
workmen. The efficiency of these furnaces in a 
grea^t deg^ depends on the judicious admission of 
the air . through the feeding-mouth: for if less than 
the quantity necessary to support the combustion of 

the fuel be admitted, a part of the smoke will remain 
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unconsumed, and if more than the proper quantity 
be admitted, it will defeat the effects of the fuel by 
cooling the boiler. If the process which we have 
just described be considered, it will not be dafficult 
to perceive the total impossibility in such a fiimace, 
of exaetiy regulating the draught of air, so that too 
much shall not pass at one time, and too little at 
another. When the door is open to introduce fresh 
fuel into the feeding-mouth, and advance that which 
occupied it upon the grate, the workman ceases to 
have any control whatever over the draught of air; 
and even at other times when the door is closed, 
his discretion and attention cannot be depended on. 
The consequence is, that with these defects the pro- 
prietors of steam-engines found, that in place of eco- 
nomising the fuel, the use of these furnaces entailed 
on them such an increased expense, that they were 
generally obliged to lay them aside. 

(75.) Mr. Bruntpn of Birmingham having turned 
his attention to the subject, has produced a furnace 
which seems to be free from the objections against 
those we have just mentioned. The advantages of 
his conti*ivance, as stated by himself, are as follow : 

'^ First, I put the coed upon the grate by small 
quantities, and at very short intervals, say every two 
or three seconds: Sndly, I so dispose of the coals 
upon the grate, that the smoke evolved must pass 
over that part oi the grate upon which the coal is in 
fij|ll combustion, and is thereby consumed ; 3dly, as 
the introduction of the coal is uniform in short 
spaces of time, the introduction of the air is also 
uniform, and requires no attention from the fireman. 
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^^ Aa it respects eeonomj : Ist, the coal is put upon 
the fire hy an apparatus driven bj the engine, and 
so contrived that the quantity of coal is proportioned 
to the quantity of work^ which the engine is perform- 
ing, and t^ quantity of air admitted to consume the 
smoke is regulated in the some manner; 2ndly, the 
fire door is never opened, excepting to clean the fire ; 
the boiler of course is not exposed to that continual 
irregularity of temperature which is unavoidable in 
the common fiimace, and which is found exceedingly 
injurious to boilers ; 3rdlyj the only attention re- 
quired is to fill the coal receiver, every two or three 
hours, and clean the fire when necessary; 4thly, the 
coal is more completely consumed thtm by the com- 
mon fiirnace, as all the effect of what is termed 
stirring up the fire (by which no inccmsiderable 
quantity of coal- is passed into the ash-pit) is attained 
without moving the coal upon the grate." 
' The fire-place is a circular grate placed on a verti- 
cal shafi; in a horizontal position. It is capable of 
revolving, and is made to do so by the vertical shaft, 
which is turned by wheel- work, which is worked by 
the engine itself; or this shaft or spindle may be 
turned by a water-wheel, on which a stream of water 
is allowed to flow fh)m a reservoir, into which it is 
pumped by the power of the engine ; and by regulat- 
ing the quantity of water in the stream, the grate 
may be made to revolve with a greater or lesser 
speed. In that part of the boiler which is over the 
grate, there is an aperture in which is placed a 
hopper, through which fuel is let down upon the grate 
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at the rate of any quantity per minute that may be 
required. The apparatus which admits the coals 
through this hopper is worked by the engine also, 
and, by the same means as the grate, is turned so 
that the grate revolves with a speed proportional to 
the rapidity with which the fuel is admitted through 
the hopper, and by this ingenious arrangement, the 
fuel falls equally thick upon the grate. 

The supply of water which tuma the wheel which 
works the grate and the machinery in the hopper, is 
regulated by a cock connected with the self-regulating 
damper, so that when the steam is being produced 
too fast, the supply of water will be diminished ; and 
by that means the supply of fuel to the grate will be 
diminished, and the grate will revolve less rapidly; 
and when the steam is being produced too slowly for 
the demands of the engine, the contrary effects take 
place. In this way the fuel which is introduced into 
the furnace is exactly proportioned to the work 
which the engine has to perform. The hopper may 
be made large enough to hold coals for a day's work, 
so that the furnace requires no other attendance than 
to deposite coals in the hopper each morning. 

The coals are let down from the hopper on the 
grate at that part which is most remote from the 
Hue, €uid as they descend in very small quantities at a 
time, they are almost immediately ignited. But until 
their ignition is complete, a smoke will arise, which, 
passing to the flue over the vividly burning fuel, will 
be ignited. Air is admitted through proper aper- 
tures, and its quantity regulated by the damper in the 
same manner as the supply of fuel. 
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The $uperioriQr of this beautiful invention over the 
commbn smoke-consuming furnaces is very striking. 
Its principle of self-^adjustment as to the supply of coals 
and atmospheric air, and the proportioning of these to 
the quantity of work to be performed by the engine, not 
only independent of human labour, but with a greater 
degree of accuracy than any human skill or attention 
could possibly effect, produces an eittensive saving of 
expense, both in fuel and labour. 

Mr. Partington states that the effect of the self- 
regulating furnace, as compared with the common 
fui'nace, has been ascertained by direct experiment at 
the Old Union Mill, Birmingham, and at the distillery 
of Messrs. Liptrap and Smith, Whitechapel, London. 
The results of these experiments were as follow : 

At the Old Union Mill, nine days' experiment- 
Common furnace consumed 465 cwt. 

Regulating furnace * • 290 cwt. 

Saving 175 cwt. 

At the White-chapel distillery, eighteen days' 
experiment- 
Common furnace consumed « . . « . 284 cwt^ 
Regulating furnace 194 cwt* 

Saving.' 90 cwt. 

From which it appears that the saving in the first 
case is about 37 per cent and in the second but very 
little less. . ' 
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(76.) Mr. Oldham, engineer to the Bank of Ireland, 
has proposed another modificatibn of the self-regu- 
lating furnace, which seems to possess several advan- 
tages, and evinces considerable ingenuity. 

He uses a sUghtly inchned grate, at thb back or 
lower end of which is the flue, and at the front or 
higher end, the hopper for admitting the coals. In 
the bottom or narrow end of the hopper is a moveable 
shelf worked by the . engine. Upon drawing back 
this shelf, a small quantity of fuel is allowed to de- 
scend upon a fixed shelf under it; and upoli the re- 
turn of the moveable shelf this fuel is protruded for- 
ward upon the grate. Every alternate bar of the 
grate is fixed, but the intermediate ones are connect- 
ed with levers, by which they are moved alternately 
up and down.* The effect is, that the coals upon 
the bars are continually stirred, and gradually ad- 
vanced by their own weight from the front of the 
grate where they fall from the hopper, to the back, 
where they are deposited in the ash-pit. By the 
shape and construction of the bars, the air is con- 
ducted upwards between them, and rushes through 
the burning fuel, so as to act, as Mr. Oldham states 
in the manner of a blow pipe, and the entire surface 
of the fire presents a sheet of flame. 

* Mr. Brunton used moveable bars in a furnace constructed 
by him before he adopted the horizontal reToIving grate. That 
plan, howeTer, does not appear to have been as successful 
as the latter, as he has abandoned it. Mr. Oldham states that 
his furnace has been in use for three years without any ap- 
pearance of derangement in the mechanism, and with a con- 
siderable saving 6f fuel. 
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We cannot fail to be struck with the beauty of all 
these contrivances, by which the engine is made to 
regulate itself, and to supply its own wants. It is, in 
fact all but aUve. It. was observed by BeUdor, long 
before the steam-engine reached the perfection which 
it has now acquired, that it strongly resembled an 
animal, and that no mere work of man ever approach- 
ed so near to actual life. Heat is the principle of its 
existence. The boiler acts the part of the heart from 
which its vivifying fluid rushes copiously through all 
the tubes, where having discharged the various func- 
tions of life, _ and deposited its heat in the proper 
places, retuirns again to the source it sprung jfrom, 
to be duly prepared for another circulation. The 
healthfulness of its action is indicated by the regu- 
larity of its pulsations ; it procures its own food by its 
own labour; it selects those parts which are fit for its 
support, both as to quantity and quality, and has its 
natural evacuations, by wl^ch all the useless and un- 
nutritious parts are dischai"ged. It frequently cures 
its own diseases, and corrects the irregularity of its 
own actions, exerting something like physical and 
moral faculties. Without designing to carry on the 
analogy, Mr. Farey, in speaking of the variations in- 
cident to the work pierformed by different steam-en- 
gines, states some further particulars in which it may 
be curiously extended. " We must observe'* says 
he ** that the variation in the performance of different 
st^m-en^nes, which are -constructed on the same 
principle, working imder the same a^Y^^^g^s, is the 
same as would be found in the produce of the labour 
of 80 many different horses or other .animals when 
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compared with their consumption of food; for the 
effect of different steam-engines will vary as much 
from small differences in the proportion of their parts, 
as the strength of animals from the vigour of their con- 
stitutions; and again there will be as great differ- 
ences in the performance of the same engine when in 
good and bad order, from all the parts being tight 
and well oiled, so as to move with little friction, as 
there is in the labour of an animal from his being in 
good or bad health or excessively fatigued ; but in all 
these cases will be a maximum which cannot be exceed- 
ed, and an average which we ought to expect to 
obtain." 



LECTURE IX. 



Double Cylinder Eogines—Hornblower'a Engine — ^Woolf 's Engine 

— Cartwright's Engine. 



(77.) The expansive property of steam, of which 
Watt availed himself in his single engine by cutting 
off the supply of steam before the descent of the 
piston was completed, was applied in a peculiar 
manner by an engineer named Homblower, about the 
year 1781, and at a later period by Woolf. Horn- 
blower was the first who conceived the idea of work- 
ing an engine with two cyUnders of different sizes, 
by allowing the steam to flow freely from the boiler 
until it fills the smaller cylinder, and then permit- 
ting it to expand into the greater one, employing it 
thus to press down two pistons in the manner which 
we shall presently describe. The condensing appa- 
ratus of Homblower, as well as the other appendages 
of the engine, do not differ materially from those of 
Watt ; so that it will be sufficient for our present pur- 
pose, to explain the manner in which the steam is 
made to act in moving the piston. 

Let c, fig. 41, be the centre of the great working 
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beam canying two arch heads, on which the chains 
of the piston rods play. The distances of these arch 
heads from the centre c must be in the same propor- 
tion as the length of the cylinders, in order that the 
same play of the beam may correspond to the plays 
of both pistons. Let f be the steam-pipe from the 
boiler, and g be a valve to admit the steam above the 
lesser piston, h is a tube by which a communica- 
tion may be opened by the valve i between the top 
and bottom of the lesser cylinder b, k is a tube com- 
municating by the valve l between the bottom of the 
lesser cylinder b, and the top of the greater cylinder 
A. M is a ; tube communicating by the valve n be- 
tween the top and bottom of the greater cylinder a ; 
and p a tube leading to the condenser by the ex- 
hausting valve o. 

At the commencement of the operation, suppose 
ail the valved opened, and steam allowed to flow 
through the entire engine until the air be completely 
expelled, and then let all the valves be closed. To 
start the engine, let the exhausting valve o, and the 
steam valves f and l be opened as in fig. 41. The 
steam will flow freely from the boiler, and press upon 
the lesser piston, and at the same time the steam 
below the greater piston will flow into the condenser, 
leaving a vacuum in the greater cylinder. The valve 
L being opened, the steam which is under the piston 
in the lesser cylinder will flow through k, and press 
on the greater piston, which having a vacuum beneath 
it, will consequently descend. At the commence- 
ment of the motion, the lesser piston is as much re- 
sisted by the steam below it, as it is urged by the 
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steam above it ; but after a part of the descent has 
been effected, the steam below the lesser piston pass- 
ing into the greater, expands into an increased space, 
and therefore loses its elastic force proportionally. 
The steam above the lesser piston retaining its full 
force bj having a free communication with the boiler 
by the valve g, the lesser piston will be urged by a 
force equal to the exc^ess of the pressure of this 
steam above the diminished pressure of the expanded 
steam below it. -As the pistons descend, the steam 
which is between them is continua% increasing in 
its bulk, and therefore decreasing in its pressure, 
from whence it follows that the force which resists 
the lesser piston is continually decreasing, while 
that which presses it down remains the same and 
therefore the effective force which impels it, must be 
continually increasing. 

On the other hand the force which urges the 
greater piston is continually decreasing, since there 
is a vacuum below it, and the steam which presses it is 
continually exptoding into an increased bnlk^ 

Impelled in this way, let us suppose the pistons to 
have arrived at the bottoms of the cylinders as in 
fig. 42, and let the valves f, l and o, be closed, and 
the valves i and n opened. No steam is allowed to 
flow from the boiler f being closed, nor any allowed 
to pass into the condenser, since o is closed and all 
communication between the cylinders is stopped by 
closing L. By opening the valve i, a free communi- 
cation is made between the top and bottom of the 
lesser piston through the tube h, so that the steam 
which presses abov6 the lesser piston will exert the 
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same pressure below it, and the piston is in a state of 
indifference. In the same manner the valve s being 
open, a free communication is made between the top 
and bottom of the greater piston and the steam cir- 
culates above and below the piston, and leaves it &ee 
to rise. A counterpoise attached to the pump-rods 
in this case, draws up the pistons as in Watt's single 
engine. And when they arrive at the top, the valves 
I and N are closed and f, l and o opened, and the 
next descent of the pistons is produced in the manner 
already described) and so the process is continued. 

The valves are worked by the engine itself by 
means similar to some of those already described. 
By computation, we find the power of this engine to 
be nearly the same as a similar engine on Watt's ex- 
pansive principle. It does not however appear, that 
any adequate advantage was to be gained by this mo- 
dification of the principle, since no engines t)f this 
construction are now made. 

(78.) The use of two cylinders was revived by 
Arthur Woolf^ in 1804, who, in this and the succeed- 
ing year, obtained patents for the application of 
steam raised under a high pressure to double cylin- 
der engines. The specification of his patent states, 
that he has proved by experiment, that steam raised 
under a safety-valve loaded with any given number of 
pounds upon the square inch, will, if allowed to ex- 
pand into as many times its bidk as there are pounds 
of pressure on the square inch, have a pressure equal 
to that of the atmosphere. Thus, if the safety-valve 
be loaded with 4, 5, 6, or 10 lbs. on the square inch, , 
it will have the atmospheric pressure when it has ex- 
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panded into 4, 5, 6, or 10 times its bulk, and so on.* 
It is, however, understood in this case, that the vessel 
into which it is thus allowed to expand, must have the 
same temperature, as the steam before it expands. 

Mr. Woolf 's method of availing himself of the fact, 
which he thus alleges himself to have discovered, is as 
follows: 

Two cylinders are provided : a larger, a, (fig. 43,) 
and a smaller, b, such, that a shall be as many times 
larger than b, as there are pounds weight avoirdu- 
pois placed upon the safety-valve. Valves c e arc 
placed at each end of the lesser cylinder, in tubes, 
communicating with the boiler, so as to admit steam 
on each side of the lesser piston, and cut it off at 
pleasure. A tube, d^- forms a communication be- 
tween the upper end of the lesser, and lower end of 
the. greater cylinder, and which communica.tion is 
opened and closed at pleasure by the valve e'. -In 
like manner, the tube d forms a commumcatien be- 
tween the lower end of the lesser cylinder, and the 
upper end of ^^ greater, which may be opened and 
closed by thg -valve e. The top and bottom of the 
greater cylinder communicate with the condenser by 
valves p' p. 

Let us suppose that the air is blown from the engine 
in the usual way, and all the valves closed, and the 
engine ready to start, the pistons being at the top of 
the cylinders. Open the valves c, e and p. The 
steam which occupies the greater cylinder below the 

* This is atyariaiice with the known properties of elastic fluids^ 
and there is no douht, that Mr. Woolf has fallen into some error in 
deducing this conclusion from his obsenrations and experiments. 
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piston, will now pass into the condenser through Ff 
leaving a vacuum below the piston. The steam 
which is in thie lesser cylinder below the piston 
will pass through n and the open irahre jb, and 
will press down the greater piston. The steam 
from the boiler will flow in at c, and presa on the 
lesser piston. At first the whole motion will proceed 
from the pressure upon -the greater piston, since the 
steam both above and below the lesser piston has the 
same pressure. But as the pistons descend, the 
steam below the lesser passing into the greater cylinder, 
expands into a greater space, and consequently exerts 
a diminished pressure, and, therefore, the steam on 
the other side exerting an undiminished pressure, ac- 
quires an impelling force exactly equal toihe pressure 
lost in the expansion of the steam between the two 
]{istons. Thus both pistons will be pressed to the 
bottoms of their respective cylinders. It will be ob- 
served that in the descent the greater piston is urged 
by a continually decreasing force, while the lesser is 
urged by continually increasing force. 

Upon the arrival of the pistons at the bottoms of the 
cylinders, let the valves c, e, f be closed, and o', e', 
f' be opened, as in fig. 44. The steam which is above 
the greater piston now flows through f' into the con- 
denser, leaving the space above the piston a vacuum. 
The steam which is above the lesser piston passes 
through e' and d' below the greater, while steam 
from the boiler is admitted through c' below the lesser 
piston. The pressure of the steam entering through 
e' below the greater piston pressing on it against the 
vacilUm above it commences the ascent. In the 
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mean time the steam above the lesser piston passing 
into the enlarged space of the greater cylinder, loses 
gradually its elastic force, so that the steam entering 
from the boiler at c' becomes in part effectiye, and the 
ascent is completed under the same circumstaiices ex- 
actly as the descent, and in this way the process is 
continued. 

It is evident that the rahres mi^ be easily worked by 
the mechanism of the engine itself. 

In this arrangement the pistons ascend and descend 
together, and their rods must consequently be attached 
to the beam at the same side of the centre. It is 
sometimes desirable that they should act on different 
sides of the centre of the beam, and consequently 
that one should ascend while the other descends. It 
is easy to arrcmge the valves so as to effect this. In 
ng. 45, the lesser piston is at the bottom of the cy- 
linder, and the greater at the top. On opening the 
valves c', e', p', a vacuum is produced below the 
greater piston, and steam flows from the lesser cylin- 
der through e' above the greater piston, and presses 
it down. At the same time steam being admitted 
from the boiler through c' below the lesser piston, 
forces it up against the diminishing force of the steam 
above it, which expands into the greater cylindep. 
Thus as the greater piston descends the lesser as- 
cends. When each has traversed its cylinder, the 
valves c\ e', f' being closed and Cj e, f opened, the 
lesser piston will descend, and the greater ascend, 
and so on. 

Woolf's engine^ differs from that of Hprnblower in 
using steam of a high pressure, and in being a dou- 



140 

ble-acting engine. It is stated by Mr. Farey that 
some of these engines, which have been erected in 
Cornwall, perform with an evident saving of fuel. It 
does not, however, appear that they have to any ex- 
tent superseded the steam-engines of Watt. There 
are some peculiarities in the boiler used by Woolf for 
generating steam of the high pressure required for 
his engines, but these engines are not in sufficiently 
general use to induce us to enter further upon the sub- 
ject here. 

(79.) In 1797 a patent was granted to the Rev. 
Mr. Cartwright, a gentleman well known for other 
mechanical inventions, for some improvements in the 
steam-engine. His contrivance is at once so ele- 
gant and simple, that although it has not obtained 
very general use, yet we cannot here pass it over with- 
out notice. 

The steam-pipe from the boiler is represented cut 
off at B (fig. 46) ; T is a spindle-valve for admitting 
steam above the piston, and r is a spindle- valve in 
the piston ; d is a curved pipe forming a communica- 
tion between the cyUnder and the condenser, which' 
is of very peculiar construction. Cartwright pro- 
posed effecting the condensation without a jet, by ex- - 
posing the steam to contact with a very l£u*ge quantity 
of cold surface. For this purpose, he formed his con- 
denser, by placing two cylinders nearly equal in size, 
one within the other, allowing the water of the cold 
cistern in which they were placed to flow through the 
inner cylinder, and to surround the outer one. Thus 
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the thin space between the two cylinders formed the 
condensei*. 

The air-pump is placed immediately under the cy- 
linder, and the continuation of the piston-rod works 
its piston, which is solid and without a valve : f is the 
pipe from the condenser to the air-pump, through 
which the condensed steam is drawn off through the 
vsdve 6 on the ascent of the piston, and on the descent, 
this is forced through a tube into a hot well, h, 
for the purpose of feeding the boiler through the feed- 
pipe I. In the top of the hot well h is a valve which 
opens inwards, and is kept closed by a ball floating 
on the surface of the liquid. The pressure of the 
condensed air above the surface of the liquid in h 
forces it through i into the boiler. When the air ac- 
cumulates in too great a degree in h, the surface of 
the liquid. is pressed so low that the ball fiedls and 
opens the valve, and allows it to escape. The air in 
H, is that which is pumped from the condenser with 
the liquid, and which was disengaged from it. 

Let us suppose the piston at the top of the cylin- 
der ; it strikes the tail of the valve t, and raises it, 
while the stem of the piston-valve r strikes the top 
of the cylinder, and is pressed into its seat. A free 
communication is at the same time open between the 
cylinder, below the piston ,and the condenser, through 
the tube d. The pressure of the steam thus admit- 
ted above the piston, acting against the vacuum be- 
low it, will cause its descent. On arriving at the 
bottom ^of the cylinder, the t€ul of the piston-valve b 
will strike the bottom, and it will be Ufted from its 
seat, so that a communication will be opened through 
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it with the condenser. At the same moment, a pro- 
jecting spring, K, attached to the piston-rod, strikes 
the stem of the steam valve T, and presses it into its 
seat. Thus, while the further admission of steam is 
cut ofi*, the steam above the piston flows into the con- 
denser, and the piston being relieved from all pres- 
sure, is drawn up by the momentum of the fly-wheel, 
which continues the motion it received from the de- 
scending force. On the arrival of the piston again at 
the top of the cylinder, the valve t is opened and r 
closed, and the piston descends as before, and so the 
process is continued. 

The mechanism by which motion is communicated 
from the piston to the fly-wheel is peculiarly elegant. 
On the axis of the fly-wheel is a small wheel with 
teeth, which work in the teeth of another larger wheel 
L. This wheel is turned by a crank, which is worked 
by a cross-piece attached to the end of the piston-rod. 
Another equal toothed wheel m, is turned by a crank, 
which is worked by the other end of the cross-arm 
attached to the piston-rod. 

One of the peculiarities of this engine, is, that the 
liquid which is used for the production of steam in 
the boiler circulates through the machine without 
either diminution or admixture with any other fluid, 
so that the boiler never wants more feeding than what 
can be supplied from the hot-well h. This circum- 
stance forms a most important feature in the machine, 
as it allows of ardent spirits being used in the boiler 
instead of water, which since they boil at low heats, 
promised a saving of half the fuel. The inventor 
even proposed, that the engine should be used as a 
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still, as well as a mechanical power, in which case the 
whole of the fuel would be saved. 

In this engine, th^ ordinary method of rendering 
the piston steam tight, by oil or melted wax, or tallow 
poured upon it, could not be applied, since the steam 
above the piston must always have a free passage 
through the piston-valve r. Th^ ingenious inventor, 
therefore . contrived a method of making the piston 
steam-tight in the cylinder, without oil or stuffing, 
and his method has since been adopted with success 
in Woolf 's engines. 

A ring of metal is ground into the cylinder, so as 
to fit it perfectly, and is then cut into four equal seg- 
ments. The inner surface of this ring being slightly 
conical, another ring is ground into it, so as to fit it 
perfectly, and this is also cut into four segments, and 
one is plabed within the other, but in such a manner, 
that the joints or divisions do not coincide. The ar- 
rangement of the two rings is represented in fig. 47. 
Within the inner ring are placed four springs which 
press the pieces outward against the sides of the cy- 
linder, and are represented in the diagram. Four pairs 
of these rings are placed - one over another, so that 
their joints do not coincide, and the whole is screwed 
together by plates placed at top and bottom. A ver- 
tical section of the piston is given in fig. 48. 
' One of the advantages of this piston, is, that the 
longer it is worked, the more accurately it fits the 
cylinder, so that, as the machine wears it improves. 
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High preisure Engines— Leupoid't—Trevithiek and YivianV 
Locomotive Application of them — ^Perkins's Ezperimenta. 



(80.) In the various modifications of the steam- 
engine which we have hitherto considered, the pres- 
sure introduced on one side of the piston derives its 
efficacy either wholly or partially . from the vacuum 
produced by condensation on the other side. This 
always requires a condensing apparatus, and a con- 
stant and abundant .supply of cold water. An engine 
of this kind, must therefore, necessarily have consi- 
derable dimensions and weight, and is inapplicable 
to uses in which a small and light machine only is 
admissible. If the condensing apparatus be dis- 
pensed with, the piston will always be resisted by a 
force equal to the atmospheric pressure, and the^only 
part of the steam pressure which will be available as 
a moving power, is that part by which it exceeds 
the atmospheric pressure. Hence, in engines which 
do not work by condensation, steam of a much higher 
pressure than that of the atmosphere is indispensably 
necessary, and such engines as therefore called high 
pressure engines. 

We are not, however, to understand that every 
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steam-engine^ in which steam is used of a ]^ssuie 
exceeding that of the atmosphere, is what is intended 
to he meant by a Mgh pressure engine ; for in the or- 
dinary engines in common use, constructed on Watt*s 
principle, the safety-valve is loaded with from 3 to 5 
lbs. on the square inch ; cmd in Woolf 's engines, the 
steam is produced under a pressure of 40 lbs. on the 
square inch. These would therefore, be more pro- 
perly called condensing engines^ than low pressure en- 
gines^ a term utterly inapplicable to those of Woolf. 
In fact, by high pressure engines is meant engines in 
which no vacuum is produced, and therefore in which 
the piston works against a pressure equal to that of 
the atmosphere. 

In these engines, the whole of the condensing ap- 
paratus, viz, the cold water cistern, condenser, air- 
pump, cold water pump, &c. are dispensed with, and 
nothing is retained except the boiler, cylinder, piston, 
and valves. Consequently, such an engine is small, 
light, and cheap. It is portable also, and may be 
moved, if necessary, along with its load, and is there- 
fore well adapted to locomotive purposes. 

High pressure engines were one of the earliest 
modifieations of the steam-engine. The contrivance, 
which is obscurely described in the article already 
quoted, (23) from the Century of Inventions, is a 
high-pressure engine ; for the power there alluded to, 
is the elastic force of steam operating ajgainst the 
atmospheric pressure. Newcomen^ in 17C)5, appUed 
the working-beam, cylinder, and piston to the atmo- 
spheric engine; and Leupold^ about 1720, combined 

the working-beam and the cylinder with the high pres- 

14 
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sure principle of Lord Worcester, and produced the 
earliest high-pressure engine worked by a cylinder 
and piston. The following is a description of Leu- 
pold*s engine : 

^ (fig. 49.) is the boiler, with the furnace beneath 
it; c c', are two cyUnders with solid pistons p p' 
connected with the working-beams b b', to which are 
attached the pump-rods r r' of two forcing pumps 
p p', which communicate with a great force-pipe s ; 
o is a four^wayrcock (66) already described. In the 
position in which it stands in the figure, the steam is 
issuing from below the piston p into the atmosphere, 
and the piston is descendirug by its own weight ; steam 
from the boiler is at the same time pressing up the 
piston p', with a force equal to the difierence be- 
tween the pressure of the steam, and that of the 
atmosphere. Thus the piston r of the forcing-pump 
is being drawn up, and the piston p' is forcing the 
piston r' down, and thereby forcing water into the 
force-pipe s. On the arrival of the piston p at the 
bottom of the cylinder c, and p' at the top of the 
cylinder c', the position of the cock is clianged to 
that represented in fig. 50. The steam which has 
just pressed up the piston p', is allowed to escape into 
the atmosphere, while the steam passing from the 
boiler below the piston p presses it up, and thus p 
ascends by the steam-pressure, and p' descends by 
its own weight. By these means, the piston r is 
forced down, driving before it the water in the pump- 
cylinder into the force-pipe s, and the piston r' is 
drawn up to allow the other pump-cylinder to be re- 
filled; and so the process is continued. 
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A valve is placed in the bottom of the force-pipe 8, 
to prevent the return of the water which has beexi 
forced into it. 

(SI.) In modern times the apphcation of steam to 
land carriage has again directed the attention of en- 
gineers to the construction of high-pressure engines. 
In 1802, Messrs. Trcvithick and Vivian constructed a 
double acting high-pressure engine, remiarkable for 
its elegance and ingenuity, and at once portable and 
effective. " These engines," says Mr. Stuart, " are 
equally well adapted to ^very use to which those of 
Mr. Watt are at present -exclusively apphed, and 
with the most ordinary precaution they may be made 
as safe from accident as those called in contradistinc- 
tion, low-pressure ; indeed, notwithstanding their re- 
cent invention, the consequent want oif experience in 
their management, and the operation of vulgar and 
absurd prejudices against their safety, they may now 
be considered the only formidable rivals to the con- 
densing engine^" 

The boiler of this engine is a large cylinder of iron, 
a section of which by a plane through its axis is repre- 
sented in fig. 51, A B. The fire is contained within the 
boiler in a cylindrical tube c d, which is surround- 
ed on all sides with water. One side of this tube is 
flanched to the end or cover of the boiler, and is dir 
vided into two parts by the grate which extend^ 
across it. The upper half forms the fire-place and 
the lower half the ash-pit. The tube then forms the 
flue which extends from the end c, where the grate is 
placed to the other end d, and then returns along n i^ 
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and issaes into the chinmej at e. The flame is thus 
conducted through the water, so as to expose it to as 
much heat as possible. 

The cjhnder f is placed within the boiler, except a 
few inches at the upper end, where the four-way cock 
is placed for admitting and withdrawing the steam; 
H is a tube for conducting the steam which has 
worked the piston into the chimney. The upper end 
of the piston rod is connected with a cross bar, whiteh 
is placed in a direction at right angles to the length 
of the boiler, and this bar is guided in its motion by 
sliding on two perpendicular iron rods, fix^ to the 
boiler and parallel to each other. To the ends of 
this cross bar two connecting rods are jointed, the 
lower ends of which work two cranks fixed upon 
an axis extending across beneath the boiler and 
uhd^r the centre of the cylinder. This axis is sttp^ 
ported in bearings made in the legs which suppcnt 
the boilier, and on it the fly-wheel is fixed. A laige 
cog-wheel is placed upon this axis, whieh, bdng 
turned with the axis by the cranks, it commu- 
nicates motion to other cog-wheels, and throii|^ 
them to any machinery which the engine is applied 
to move^ 

As the cock g stands in fig. 51, the steam is pass- 
ing from the boiler above the piston, and steam is 
also passing from below the piston through' the tube b 
into the chimney. The steam therefore which passes 
above the piston presses it down. When the piston 
has arrived at the bottom of the cylinder the cock 
assumes the position represented in fig. 5^ so that 
the 9leam now passes from above the pistoh througli 
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the tube h into the chimney, while steam also passes 
from the boiler below the piston, and the piston as- 
cends, and so the process is continued. The four-way 
cock is worked by the engine itself. 

It is evident, both in ascending .and descending, 
that the piston cannot be moved unless the steam in- 
troduced from the boiler be of greater pressiu-e than 
the atmosphere, and that it will only work with a 
force equal to the excess of the pressure of the steam 
above that of the atmosphere. 

A f afety valve is placed on the 'boiler, loaded with 
a Weight proportionate to the strength of the steam 
which it is proposed to work with. This valve is 
frequently loaded with from 60 to 80 lbs. on the 
square inch. As the boilers of high pressure engines 
are more liable to accidents from bursting than those 
in which steam of a lower pressure is used, several 
precautions have been taken against accidents of this 
kind. A second safety valve is usually provided, 
which is not left in the power of the engine-man ; so 
that by this means he has the power to diminish the 
pressure under which steam is generated, but he can- 
not increase it. It sometimes happens that the water 
in the boiler is consumed^ faster than it is replenish- 
ed, in which case the level will fall until the boiler 
becomes nearly exhausted. To guard against acci- 
dents arising from this circumstance, a hole is bored 
in the boiler at a certain depth, and a plug of metal 
soldered into it with lead, or some other metal which 
will fuse at a temperature which would give the 
steam a dangerous elastic force, so that the plug 

would in that case drop out and make a vent for th« 

14 • 
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ste^un. The mercurial steam-gaug'e, already describedt 
18 also ased ad an additional security against the burst* 
ing of the boiler, because the mercuiy will be blown 
out of the tube, and permit the steam to escape when 
the pressure is too great. 

The water by which the boiler is replenished is forced 
in by k forcing-pump, worked by the engine itself. In 
order to economise the heat, this water is passed along 
a tube which incloses within it the pipe h, which car^ 
ries off the steam which has worked the piston, so that 
this steam on its exit from the engine imparts a con* 
slderable portion of its heat to the water which is 
passing int6 the boiler to replace the waste occasion- 
ed by the evaporation which produced that very steam 
itself. 

(^ To the plates of the English edition has been 
added one, (plate A) representing a high-pressure en 
gine as constructed by the West Point Foundery in 
the state of New-York. The principal parts will be 
readily distin^ished from their resemblance to the 
analogous parts of a condensing engine. The con- 
denser €uid air pump of that engine^ it will be observed, 
are suppressed. At r x and y z are forcing pumps by 
which a supply of water is injected into the boiler at 
each motion of the engine. For the four-way cock, 
used in the English high-pressure engines, a slide valve 
at r s, is substituted, and is found to work to much 
greater advantage. It is set in motion by an eccentric, 
in a manner that will be more obvious from an inspec- 
tion of the plate than from any description. (At £.) 



151 

(8^) Much public attention has been of late years 
attracted by the experiments of Mr. Perkins on 
steam of an unusuaUy high degree of elastici^. 
Although it does not appear that he has yet succeed- 
ed to any great extent in reducing his designs to use** 
ful practical purposes, yet they evince such boldness 
and originality of conception, thai we shotdd not foe 
justified in passing them without particular notice 
here. 

The boilers of the ateam*engines hitherto used 
serve two purposes, namely, vessels for heating the 
water preparatory to the production of steam, and 
magazines of the steam so produced for the purpose 
of working the engine. It occurred to Mr. Perkins, 
that the latter purpose might be dispensed with, 
and that great advantage would thus be gained 
by being enabled to reduce very considerably the 
dimensions of the boiler, to produce much more pow- 
erful vapour and to diminish in a very high ratio the 
consumption c^ fuel. To effect this, instead of hav- 
ing a reservoir or store of accumulated stecim ready 
prepared for the engine, he proposed to generate the 
steam only as it was required, and to permit no part 
of the water in the boiler to be converted into steam 
except just what was necesscuy to press the piston at 
each stroke. ' 

It had been long known that the vaporization of a 
liquid could be resisted by mechanical pressure, and 
that, if so resisted, the liquM would be susceptible of 
i^ceiving any t^oaperature and yet retaining its hquid 
fcurm. It was also known that upon the removal of 
this iNressure the production of «teaiii of atk elastic 
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force proportionate, to the pressure would be the 
inevitable consequence. Mr. Perkins availed himself 
of these facts to carry into effect the design we have 
thus mentioned. He constructed a cylindrical ves- 
sel of copper, three inches thick, containing about 
eight gallons, and capable of bearing an internal 
pressure of 4000 lbs. on the square inch. An aper- 
ture in the end of this vessel opened into the 
steam-pipe by a valve loaded with thirty-five 
times the pressure of the atmosphere, and a safety- 
valve was placed on another aperture, loaded with 
thirty-seven times the atmospheric pressure. At 
another aperture a pipe was introduced into this 
vessel which communicated with a forcing pump^ by 
the action of which water could be forced into it. 
This cylindrical vessel, which is called a generator, 
was completely filled with water, and was placed ver- 
tically in a furnace. The fuel in this furnace was 
kept in vivid combustion by forcing air through it 
with bellows, a method found to be much more effec- 
tual than the ordinary draught. 

The water in the generator not being permitted to 
expand into vapour, had its temperature raised to 
three, four, or five hundred degrees of the common 
thermometer. When this was effected a small quan- 
tity of water was forced in by means of the forcing 
pump, and, since water is an incompressible fluid, 
an equal quantity was necessarily forced out at the 
valve loaded with the lesser weight. This water 
issuing from the generator into the steam-pipe,, in- 
stantly expanded, or jUuhed (as he called it)- into 
steam of an enormous pressure, and was thus eon- 
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ducted to the piston, which was worked by it in the 
ordinary manner of a double-acting engine on Watts* 
principle, condensation being effected on one side, 
while the steam pressure was introduced on the 
other. 

The vapour which remained uncondensed he esti- 
mated at fire times the atmpspheric pressure; while 
the steam produced by the water issuing from the 
generator, and pressing the piston on the other side, 
was equal to thirty-five times the atmospheric pres- 
sure ; so that an effective impelling force was thus 
obtained equal to thirty times the pressure of the 
atmosphere, or 450 lbs. on the square inch. 

The steam condensed under a pressure of five 
times that of the atmosphere, had a temperature of 
350 degrees of the common thermometer, and at this 
temperature was returned into the generator by the 
forcing pump, to be again circulated through thie 
machine ; thus saving a large quantity of the heat in 
the same manner as the hot water pu^p and feed 
jHpe in Watt's engine. 

The precautions used to prevent accidents from the 
high pressure to which the apparatus was subjeet| 
seem to have been sufficient to give eve>y reasonable 
assurance of its safety. Besides that the apparatus 
itself was constructed to bear about 260 times the 
atmospheric pressure there was, as already mentioned 
a safety-valve loaded with 37 atmospheres. In addi* 
tion to this, a tube entered the generator, which ter- 
minated in a copper ball which bore with a pressure 
of lOOlbs. upon the square inch, or with a pressure 
equal to about 66 times that of the atmosphere* 
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Another tube communicated with an indicator, an 
instrument which shows the strength of the pressure 
hy means of a spiral spring, similar to the common 
ouncel. 

It has been thought that the bursting of the boiler 
or of any part of the apparatus, containing winter of 
such an extraordinary temperature, would be attended 
with considerable danger. This, however, Mr. Perkins 
states to be a mistake ; for in case of such an accident 
the water would flow out so fast, that it would not 
receive the quantity of additional heat necessary to 
couvei*t it into steam, and that the consequence would 
be, that a very small portion would assume the va- 
porous form ; and the remainder, retaining its liquid- 
ity, would extinguish the fire. In case of the 
copper ball above mentioned bursting, it would tear 
like paper, without any explosion or occasioning any 
injury. Mr. Perkins has frequently caused it to 
be burst for the purpose of proving this. 

An engine constructed according to the plan sug- 
gested by Mr. Perkins requires only one tenth of 
the quantity of water requisite in the boiler of an 
ordinary steam-engine. By this means the danger 
of the bursting of the boiler is still further diminish- 
ed, for the small vessel required in such an en- 
gine can always be constructed of sufficient strength. 
The engine first constructed by Mr. Perkins was one 
of ten-horse power, the cylinder being only two inches 
diameter and eighteen inches in length. It con* 
sumed two bushels of coal daily, and occupied a 
Space of six feet by eight. He considered that with 
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the exception of the piston and cylinder, the appara- 
tus had sufficient size and strength for three times^ 
the power. 

He further proposed appl3nng his generators to the 
hoilers of common steam-engines, and thereby super- 
seding the present furnaces. To effect this he pro- 
posed conducting the steam of high pressure from his 
generator into the common boiler, and thus heating 
the water in it. By such a method he considered 
that nine-tenths of the fuel at present used would be 
saved. 

The patent for these improvements was granted to 
Mr. Perkins so long ago as the year 1823, and he has 
not yet been able to convince the public of the reality 
of the advantages which he proposes ; and neither 
his steam-engines, nor his application of the genera- 
tor to the boilers of other engines, have been brought, 
to any extent, into use. Nevertheless, wis should not 
hastily condemn the project, nor pronounce upon its 
impracticability. The difficulties which Watt had to 
encounter in bringing into use his steam-engines 
should not be forgotten, and should teach us caution 
and moderation in deciding upon the claims of others. 

Mr. Perkins has attempted, and not without some 
success, to apply the powers' of steam as a substitute 
for those of gunpowder. His manner of effecting this 
does not differ materially in its detail from the air- 
guni only that instead of a magazine of condensed air 
he uses a generator, containing water heated to such 
a temperature, as when relieved from pressure, it 
flashes into steam of prodigious elasticity. Balls ^re 
admitted from a hopper into a gun-barrel near the 
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breech, cmd at the breech a stream of highly-elastic 
steam enters, and blows the ball out of the barrel. 
The effects of these projectiles are related to be fuUy 
equal to those of gunpowder similarly applied, and 
besides, they possess the advantage of being capable 
of being discharged from the same barrel in uninter- 
rupted succession, and for any length of time. 

Upon the whole, the practical difficulty which 
seems to attend the use of steam in the manner pro- 
posed by Mr. Perkins, is the maintaining of the power, 
by keeping a sufficient quantity of water at the un- 
usually high temperature which is requisite for his 
purposes. Of the actual existence or possibihty of 
obtaining the power there can be no doubt ; but un- 
less that 'power can be sustained, it will avail but 
little, considered as a mechanical agent. 

(/") A very safe and convenient boiler for a high 
pressure engine has been invented in the United States 
by Mr. Babcock. The boiler consists of small tubes, into 
which water is flashed by a small forcing pump at 
every stroke of the engine. The tubes are kept so hot 
in a furnace, as to generate steam of the required tem- 
perature, but not hot enough to cause any risk of the 
decomposition of the water. The strength of the ap- 
paratus is such, and the quantity of water exposed to 
heat at one time so small, as to leave hardly any risk of 
danger. (A. E.) 



LECTURE XI. 



Steam Nayigatioii— Paddle Wheeis^Mr, Oldham's New Paddle 
Wheels— ^Hones' Power* — Additional remarks on the application 
of steam to l ocomotioD on Railway s. 



(83.) ; One of the mo«t interesting and important 
uses of the steam-engine is its application to ncmti*^ 
cal purposes. There toe yarious ways in which this 
machine may be used in propelling a vessel through 
the deep ; but that which is now universally adopted, 
is by giving, throu^ its means, rotation to paddle 
wheels placed at- the side of the vessel. The engine 
is placed in the centre of the vessel, between the 
wiieels ; and the ascent and descent of the piston is 
applied to work a crank, by means of which the 
wheels are turned, and the vessel is propelled by the 
action of the paddle boards on the water. 

The engine works a crank through the interven- 
tion of a beam, i|i the manner we have already 
described. Jn the earlier nautical engines a fly-wheel 
was used, by the momentum of which the paddle 
wheels were turned, when the crank was in that po- 
sition in which the engine lost its pow:er over it (60;) 
but those of a later period have commonly two cylin- 
ders and pistons worked by the same boiler, and two 

cranks upon the axle of the paddle wheels, at right 

15 
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angles to each other ; so that at the time when the 
engme loses its power over one crank it plays with it» 
full effect on tlie other, and thus the fly-wheel is 
dispensed with. In some cases a single cylinder and 
piston has been used without a fly-wheel, by making 
the paddle-wheels themselves so heavy as to answer 
the purpose of a fly-wheel. 

(g) The action of machinery may be rendeiied more 
equable by using two engines, each of half the power, 
instead of a single one. If one of these be working 
with its maximum force when the other is changing the 
direction of its motion, the result of their jomt action 
will be a force nearly constemt. Such a combination 
was invented by Mr. Francis Ogden, and has been 
used in several steam-boats constructed under his direc- 
tions. It would however be far more valuable in other 
cases, pajticularly where great uniformity in the ve- 
locity is indispensable. (A. E.) 

Paddle-wheels have been usually made like tlie com- 
ni(3n under-shot water- wheel, the paddle-boards being 
all directed towards the centre, as in fig. 53. This 
construction seems to be the best, when the paddle- 
boards remain fixed. The efficacy of such a wheel 
depends on the number of tlie paddle-boards, the 
velocity with which the wheel is turned, and the 
depth to wliich it is immersed in the water. Expe- 
riments have not yet been instituted, as far as wc 
have been informed, which determine these circum- 
stances satisfactorily. It is easy, however, to see 
that the wheel should not be immersed lower in the 
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water than is sufficient to cover the lowest float-board 
A ; for if more be immersed, a part of the power will 
be expended in lifting and depressing the water. 

It is an established principle, that the action of a 
plane surface moving in a fluid is always perpendi- 
cular to the surface, in whatever direction it may be 
moved. Now, suppose the wheel immersed to the 
level l' l, the force of the float-board b on the water 
is exerted in the direction a 6, perpendicular to it. 
This force, by a well known mechanical principle,* 

'^ The principle here alluded to h very easily understood, and 
may be illustrated asjlfollows : Let a string be attached to a fixed 
pin p, fig. 54. and passing it over a wheel fixed at m, let a weight 
A be suspended from it Let another string p n be stretched from 
p in a horizontal direction, and a third p o in a vertical direction, 
and suppose a line p l drawn in the direction of the first string p m, 
and from any point in it, as l ; draw the lines l d and l e parallel 
to p N and p o, so that the figure p d l e will be a parallelogram 
whose diagonal is p l. Passing the string » « otct a wheel at o, 
suspend a weight b from i*» wkwU shall have the same proportion 
to the wAighi A as the line p d has to ihe line p l, and in l^e man* 
ner passing the string p n over the wheel K, suspend a weight c 
from it, which will have the same proportion to the weight a as the 
.line p E has to p l. I say then, that the combined effects of the 
weights B and c, acting on p in the directions p o and p n will be 
exactly the same as the single effect of a weight equal to a, acting 
in the direction p. l. To prove this, it is only necessary to show 
that the weight a exactly connteracts the effeets of the weights b 
and c ; for since it is evident it would also exactly counteract the 
effect of an equal we^ht iri the direction p l, it follows that the 
effect of a weight a acting in the direction p l would be exactly 
the same as the combined effects of the weights b and c. 

To prove that this is the case, let the ends of the.three strings 
be knotted together at f, and let the pin which secures their ends be 
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is equivalent to the combined action of two forces in 
the directions of the sides of a parallelogram $ one a c 
vertical, and the other a d horizontal. The horizon* 
tal element a d\s effective in propelling, but the ver- 
tical part a c has a hfling effect on the water, and is 
therefore lost. In like manner, the force of the 
paddle-board c is fesolved into two, one e g vertical, 
and the other e h horizontal, the latter of which only 
propels. The forces of the corresponding paddles 
b' c', on the other side of the lowest paddle, being 
similarly circumstanced, only having a descending 
motion instead of an ascending one, the elements d d^ 
t g\ of the forces which act vertically, will be directed 
downwards, and will depress the water. These ver- 
tical elements of the forces on both sides of the lowest 
paddle-board have no effect whatever in impelling the 
vessel, and are therefore so much force expended with- 
out any useful effect. 

If the wheel b« supposed to be immersed below 
its axle to the level il (^ owing^ to its occasionally 
dipping in the water from the roughness of the sea, 
the action of the horizontal paddles d' d is totally 
lost, their whole force being expended in lifting or 
depressing; and the actions of the paddles e' e 

removed, §o as to letve the kaot which unites the striDgs periectly 
free. It will be found that the knot will remain at rest in the posi* 
tion in which it was originally placed, and that if it be drawn from 
this position it will return to it, and will rest in no other position 
whatever. 

Hence we may assuma, that whenever there is found a force 
acting in any direction, that force may be considered equivalent to 
two other forces, one horizontal and the other vertioal. 
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above these being resolved* like the others, into 
vertical and horizontal elements, the horizontal ele- 
n^ents will have a retarding effect, as is indicated by 
the direction of the arrows. 

It is evident, from inspecting the position of the 
arrows, which indicate the directions of the hori- 
zontal elements of the forces, and also from the 
length of the sidea of the parallelograms, which 
indicate the magnitudes of these elements, that 
the more deeply such a wheel as this is immersed, 
the more force will be lost, in proportion to the 
force expended. Such a wheel should not, there- 
fore,* be immersed to a greater depth than that of 
the lowest paddle. 

Various contrivances have been suggested to 
avoid the expenditure of force in lifting and de- 
pressing the water, and also to remove the back 
action already mentioned ; in other words, it has 
been attempted to make the paddle-boards feather 
•themselves in rising from the water. 

In one instance a mechanism was contrived « 
which, by making each paddle revolve on its axis 
in the same time as the wheel itself, and in an 
opposite direction, the paddles were always kept 
in the .vertical position, as in fig. 55. In silch a 
wheel, the back action of the paddles above the 
axle is increased by exactly as much as the pro- 
pelling power of those which are b^low it. Be- 
sides this, other practical objections were found to 
apply to it. In a rough sea, such a wheel pre- 
sented a surface to the surge. which formed a solid 

breakwater, and produced a liability to fracture 

15 * 



16-2 

4|id derangement. A wheel of this kind would seem, 
however, to be well suited to river work. 

(84.) Mr. Oldham, engineer to the Bank of Ire- 
land, has lately constructed a paddle-wheel, in 
which there is no back action, and for which a 
patent has been obtained. In this wheel the pad- 
dle-boards are made, by a most ingenious and simple 
mechatiism, to revolve on axes independent of that 
of the wheel, and each paddle*board revolves once 
on its axis, while the wheel revolves twice ; the 
paddle-boards revolving in a direction different tram 
that of the wheel. The consequent of the <fom- 
bihation of these two motions is, that the edge of 
every paddle-board is always presented to the high- 
est point of the wheel, as represented in fig. 56. 
The entire action of each board perpendicular to 
its surface being resolved into two actions, as in 
the former case, one horizontal and the other vertical, 
the proportions, quantities, and directions of these - 
actions will be seen at once, by observing the sides 
of the several parallelograms in the figure, and 
the directions of the arrows. One peculiarity which 
this presents, and in which it differs most strik- 
ingly from other wheels, is, that all the horizontal 
arrows point in the same direction, indicating that 
all the horizontal elements of the forces of the 
boards act in the same direction, and that they can, 
therefore, be made to propel, without any back 
action whatever. It will also be observed that the 
vertical elements, which on the one side of the 
vertical diameter lift^ and on the other side depretij 



163 

are much smaller .in proportion to the whole force 
than in the common wheels, and therefore the force 
expended without useful effect is much less in 
proportion to the whole force in these than in the 
common wheels. 

A wheel of this kind, having ^o back action, 
might be totally immersed, and would still con- 
tinue to propel. In consequence of the diminution 
of the lifting and depressing effects, or what is the 
same, of the degree of the feathering principle 
with which it is endued, its motion through the 
water is smooth, and attended with but httle agi- 
tation, and is therefore the more effectual as an 
impellent ~ power. I have instituted experiments 
with this wheel, compared with the common wheel, 
and find the results to coincide most satisfactorily 
with those which I have deduced from mathema- 
tical calculation. 

Wheels of this description do not seem to be 
liable to the same objections as the common wheels, 
in their application to canal work; for the extreme 
smoothness with which they move through the 
water is such, that no a^tation could be produced 
by them which would be calculated to injure the 
banks; an effect which has hitherto impeded the 
application of steam-boats to any great extent in 
inland navigation. The wheel might even be totally 
immersed, in which case they might be under the 
vesseli and in the middle of the canal. 

Owing to the facilities offered by the great lakes 
and rivers, steam-navigation was introduced into 
America at an emlier period than in England. The 
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Brat steam-boat which we learn tp have been perma* 
nently established, plied between- New- York and 
Albany, on the river Hudson. The curious effects of 
her first appearance are thus described, in a quotation 
made by Mr. Partington from an American work : — 
'^She had the most terrific appearance, from other 
vessels which were navigating the river, when she 
was making her passcig^. The first steam-boats, as 
others yet do, used dry pine wood for fuel, which 
sends forth a column of ignited vapour, many feet 
above the flue, and whenever the fire is stirred a 

I 

galaxy of sparks flies of, and in the night have a 
very brilUant and beautiful appearance. This un- 
common light first attracted the attention of the 
crews of other vessels. Notwithstanding the wind 
and tide were adverse to its approach, they saw with 
astonishment that it was rapidly coming towards 
them ; and when it came so near €is that the noise of 
the machinery and paddles was heard, the crews, in 
some instances shrunk beneath the decks from the 
terrific sight, and left their vessels to go on shore ; 
while others prostrated themselves, and besought 
Providence to protect them from the approaches of 
the horrible monster which was marching on the tide 
and hghting its path by the fires which it vomited/' 
In 1812, steam-vessels were first introduced upon 
the Clyde, and since that period steam-navigation 
has rapidly extended, so that at present there is 
scarcely a part of the civilized globe to which it has 
not found its way. The Atlantic and Pacific Oceans 
have been traversed by its powers, and if the prolific 
results of human invention ishould suggest means of 
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diminishing the conBumption ef fuel, or obtaining a 
supply of heat firom materials sufficiently small and 
light, it would be hard to assign limits to the powers 
of this most wonderful agent 

* 

(85.) The convekitional method of expressing the 
power of an engine with reference to that of horses, 
was first adopted by Savery, and arose, naturally 
enough, from the circumstances of the work proposed 
to be executed by steam-angines, having been previ- 
ously done by horse-mills. It was therefore custom- 
ary to say that this or that steam-engine would be 
equivalent to a mill worted by ten or twenty, or any 
given number of horses. The standard was one with 
which those for whose use steam-engines were in- 
tended were perfectly acquainted, and no method of 
expressing the power of the machine could have come 
so home to their famihar notions, nor have been so 
perfectly appropriate and fair. 

A horse*s power is, however, to a certain degree, an 
indefinite standard, since horses v€uy in strength, one 
being able to do double the work of another. While, 
therefore, it would have been very inexpedient to have 
totally abandoned this universally received and suf- 
ficiently well understood standard, it became neces- 
sary, as the manufacture of steam-engines became 
more general, to give the standard a more fixed and 
definite meaning. For this purpose, a horse's power 
is estimated at so many pounds of water, raised 
through the hdgfat of one foot per minute, the ani- 
mal being supposed to work for eight hours daiTy. 
As to the number of pounds to be thus assigned to a 
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horse's power, enginieers have differed. Smeaton 
estimates the average power of a horse at 22,916 lbs. 
raised one foot per minute for eight hours a day. 
Dcsaguliers makes it 27,500. Messrs. Boulton and 
Watt caused experiments to be made with the strong 
liorses used in the breweries in London, and from the 
result of these they assigned 32,000 lbs. as the pro- 
per vahie of a horse's power. This, however, is con- 
sidered rather above the fair average, but in the 
estimation of the power of engines, this error ope- 
rates against the manufacturer and m favour of the 
purchaser, as it rather underrates the power of the 
engine. 

In estimating the power of an engine, compared 
with horses, it is supposed only to work for the same 
time, i. e. eight hours daily ; whereas the engine has 
the advantage of being capable of working for twenty- 
four hours per day. If this were taken into account, 
the power of an engine would be three times what it 
is now denominated. 

(h) Railways have lately attracted much of public 
attention, and merit, from the important purposes to 
which they are likely to become subservient, a detailed 
investigation, in reference to the use of the steam-en- 
gine as the means of locomotion. (A. E.) 

(i) A horse upon a well constructed and level road 
is capable of drawing a ton weight (including the car- 
riage) at the rate of tivo and a half miles per hour. 
Upon a railway, improved as it has recently been in 
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England^ a isingle horse can draw ten tons with the 
«ame velocity. A railway has therefore, over a com- 
mon road) an advantage in the ratio of ten to one. But 
when the weight is borne by water, instead of resting 
upon wheels, the advantage becomes still greater, for a 
horse will draw a boat weighing with< its cai^o thirty 
tons upon a canal at the same rate that he can draw a 
a single ton upon a road» When large masses of water, 
open to the action of regular or prevailing winds, are 
to be navigated, a still cheaper power, drawn from the 
currents of air themselves, may be employed. A ship 
carrying a burthen of 500 tons does not require more 
than 15 men to navigate her, and performs a passage 
between the United States and Europe in about 30 
days, at an average. To give the same average velocity 
would require the power of eighty horses, or of five 
hundred and sixty oarsmen. The application of wind 
as a moving power is of great value also upon lakes 
and large rivers, although less valuable in such cases 
than upon the open ocean. (A. E.) 

(k) The steam-engine may compete successfully 
with the wind as a propeller of vessels, whenever 
certainty of conveyance becomes important, as in the 
case of passage boats upon lakes and rivers ; it may 
also be advantageously employed in the conveyance of 
freight against the current of rapid rivers. But there 
are cases where steam becomes inapplicable to naviga- 
tion. Upon the open ocean, although the safety of 
steam-ships has been fully tested, the vast quantity of 
fuel necessary in a long passage, will prevent its use in 
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distant vc^ages, and it is besides far less eeonomic than 
the propulsion by means of sails. In canals the agita- 
tion produced by the wheels, and the wave raised in 
front of a boat moving rapidly, do such damage to 
the banks as to forbid the use of steam-boata upon 
them. (A. £.) 

(t) Another cause prevents the successful application 
of steam to inland navigation, and this exists in the im- 
possibility of increasing the velocities beyond a certain 
limit, and in the vast expenditure of power which the 
higher practicable velocities demand. The reaistanee 
of a fluid may be considered as due to three distinct 
causes. The first is analogous to friction, and is con- 
stant. The power required to overcome it will there- 
fore increase with the velocity simply. The second 
grows out of the fluid nature of the medium, and re- 
quires a power increasing with the square of the velo- 
city. The third arises from the wave that a rapid mo- 
tion raises in front of the vessel, and varies with the 
fourth power of the velocity. And although the con- 
stant co-efficient of the last may be kept very low by 
a skilful construction of the pi^w, still it is obvious 
that at some given velocity it will oppose a resistance 
sufficient to prevent any farther increase, however 
great the power applied may be. It is entirely different 
in the case of the railway, the sole resistance that need 
be taken into account is that of friction, which is con- 
stant, (for the resistance of the air is hardly apprecia- 
ble,) and hence every increase in power will be attend- 
ed with a proportionate increase in velocity, provided 
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llie rate of the impelled point of the engine be proper- 
ly adapted to the velocity of the working points. (A. E.) 

(m) The difficulty that long impeded the progress 
of the improvement of railways, by the application qf. 
steam as the moving power, consists principally in 
adapting the power properly to the particidar species of 
work. Stationary engines, drawing carriages by the 
intervention of revolving chains or ropes, would be the 
most effectual means of using the power of a steam- 
engine without loss. These are hence used when 
loads are to be raised up ascents, cither perpendicular- 
ly, or upon inclined planes. But on long levels, difficul- 
ties exist in conveying the power to any great distance 
from the engine. Hence locomotive engines have 
been sdught for. The first successful application of 
steam to this purpose consisted in giving the carriage 
that bore the engine a fifth wheel, cut into teeth; this 
was made to catch into the teeth of a rack cut upon a 
third rail, laid parallel to those which bear the load. 
An apparatus similar in form and action to the human 
leg was also tried, and very recently, in this country, it 
has been proposed to propel carriages by means of rods 
projecting behind them, alternately drawn forward, 
and pressed back against the road by means of cranks. 
The first mode was, as we have stated, successful, and 
may still be used when great loads are to be drawn with 
slow velocities ; for the rack affords a fixed point against 
which the propulsive force of the engine may act. 
But it is inapplicable when it la wished to obtain a great 
velocity. (A. E.) 

16 
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(m) The principle now employed in locomotive 
engines may be explained as follows- The friction of 
the iron wheels of a carriage upon the iron rail, is in'no 
ca^e less than one twenty-fifth part of the weight with 
which the carriage is loaded. If then all the wbeek 
be made to revolve by the action of the engine, the 
carriage will move forwards, unless a resistance equal 
to this friction oppose the motion. But the friction 
which retards the motion of a wheel carriage is dimin- 
ished, in the ratio of the radii of the wheels, to the 
radii of the axles on which they turn. It is common 
in practice to make this ratio 8:1. The resistance 
opposed to the propulsive force of the engine is there* 
fore but one two hundredth part of the weight, or no 
more than one eighth part of the force with which the 
carriage would tend to move forward, when all its 
wheels are made to revolve. If then any weight less 
than seven times that of tlie locomotive engine and its 
accessaries, be laden upon similar carriages and attach- 
ed behind it, the locomotive engine will move forward 
and draw them after it. (A. E.) 

(o) As the friction of a roller is very much less •^•^ 
than that at the axle of a wheel, a much greater advan- 
tage would be gained, and a far greater load carried 
upon a railway, were it possible to substitute the ac- 
tion of rolling for that of wheels. A very ingenious 
plan for this purpose has been lately proposed by an 
intelligent engineer, and which appears likely to be 
successful hi practice. Should this mode be as 
useful as its projector anticipates, a horse may bv 
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means of it, draw as much upon a railway as 
he can Upon a canal, and the application of steam 
will be attended with effects of a proportionate 
value. (A. £.) 
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